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CBS Color-Television 
Staging and Lighting Practices 


Color-television program production requires more stringent studio practices 


than does monochrome television. 


Camera and system adjustments must be made 


more precisely, the maximum scenery reflectance level must be reduced, the color 
balance of the studio illumination must be controlled, a higher light level must be 
provided and effects light ratios must be reduced. Careful attention to these 
aspects, in accordance with procedures outlined in this paper, together with an 
understanding of the fundamental difference between color and luminance con- 
trast, makes possible satisfactory simultaneous reproduction in both color and 


monochrome. 


TELEVISION transmission of 
live performances requires an extension 
of those studio practices which have 
proven effective in monochrome opera- 
tion.'? The color signals transmitted 
must provide satisfactory reproduction 
in monochrome as well as in color in 
keeping with the scanning compati- 
bility of the present U.S. standard 
(National Television System Commit- 
tee) color-television system.’ This calls 
for the direct application of most of the 
well-established monochrome practices 
together with meticulous attention to 
several aspects which are especially im- 
portant in color. Spectral balance, 
transfer characteristics, and image sharp- 
ness require the well-informed, coopera- 
tive efforts of all production personnel 
to achieve high quality, truly compatible 
color-television programs. These and 
other more specialized aspects are dis- 
cussed in this paper under three divisions 
of technical production: camera opera- 
tions, staging and lighting. 


Color Television Camera Operation 


In a color television camera, the 
optical image is divided by means of 
filters into red, green and blue images. 
These are converted to video signals 
which are handled through three paral- 
lel channels in the camera equipment. 
These signals are encoded, for trans- 
mission, into a luminance signal which 
contains all brightness information (lumi- 
nance) and into a chrominance signal 
which contains all color information 
(hue and saturation). The two signals 
are combined by means of frequency 
multiplexing within the normal tele- 
vision broadcasting channel bandwidth. 
In a monochrome receiver, only the 
luminance signal is used. In a color 
receiver, the luminance and chrominance 
signals are decoded to obtain counter- 
parts of the original red, green and blue 
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signals. These are applied to a color 
picture tube wherein they excite red, 
green and blue phosphors. Combina- 


tions of these three “primary” colors 


enable reproduction of a wide gamut of 


colors. 

To achieve satisfactory performance, 
camera facilities must be adjusted to 
provide proper spectral response, ac- 
curate matching of red, green and blue 
channel amplitude-transfer 
istics, accurate registration of the three 


character- 


images and sharp focus. ‘The same 
basic requirements apply with surpris- 
ing similarity to the two types of color 
studio-camera systeims in use at the out- 
set of color broadcasting. As shown in 
Fig. 1, one of these is the tri-tube camera 
in which the primary color images are 
applied directly to three image-orthi- 


con tubes. The other is a field-sequen- 


By RICHARD S. O'BRIEN 


tial camera’ whose sequential signals 
are subsequently converted in the CBS- 
Chromacoder (a device equivalent to a 
tri-tube camera) into parallel, red, green 
and blue signals. In this paper, prac- 
tices are outlined and rules stated which 
apply to both camera systems, specific re- 
quirements for a particular system being 
noted as they arise. 


Spectral Balance. The red, green and 
blue signal voltages produced by a color- 
television camera are influenced by the 
spectral distribution of the illumination, 
by the spectral reflectance of the scenery 
surfaces, and by the spectral response of 
the camera tube and color-filter Combi- 
nations. In order for the several cam- 
eras in a studio to produce matching 
images, it is necessary that the camera 
spectral response be carefully balanced 
against the spectral distribution of the 
studio illumination. It is the practice 
to adjust the relative response of the red, 
green and blue channels to produce 
equal video voltages from a gray test 
object placed in the normal studio illumi- 
nation. ‘To insure uniformity in ampli- 
tude-transfer characteristics, such spec- 
tral-response adjustment must be under- 
taken optically, ahead of the image- 
orthicon tubes, rather than by video- 
channel adjustinents. 


Fig. 1. A tri-tube color television camera on the left is compared with a field-sequen- 


tial camera used in conjunction with the CBS-Chromacoder system. 


Both camera 


systems produce color signals conforming to the FCC color standards. 


August 1954 Journal of the SMPTE Volume 63 


} 
4 
> 
41 


The  spectral-response characteristic 
of presently available image-orthicon 
sufficiently uniform 
among tubes for monochrome operation, 


tubes, although 
must be individually corrected for color 
operation. In the tri-tube camera, 
each of the three tubes is required to 
respond to only a limited portion of the 
visible spectrum as shown in Fig. 2. 
In this case, spectral balance may be 
obtained by inserting neutral-density 
(colorless) filters in the optical paths of 
the more sensitive colors, until, as a 
convenient comparison, each channel 
reaches saturation at the same exposure 
level. Densities should be balanced to 
within a density step of 0.05 (109% trans- 
mission). Alternately, 
filters may be inserted at a point in the 
optical path common to all three chan- 
nels, this being the practice in adjust- 
ment of field-sequential cameras. 

It should be noted that a change in 
the color balance of the illuminant 
(as would be encountered in taking a 
studio camera outdoors) requires a dif- 
ferent choice of neutral-density or color- 
correction filters. For example, to cor- 
rect a camera initially adjusted for 
3000 K studio illumination for use under 
a range of typical outdoor conditions, 
Wratten filters Nos. 83, 85B, 86B and 
the 81EF series together with a No. 2 
haze filter may be found useful. 


color-correction 


Transfer Characteristics. As implied 
above, uniformity in amplitudestrans- 
fer characteristics among the three 
channels of a color camera is essential. 
If the characteristic of one channel 
differs from the other two, the repro- 
duced colors will vary in hue as lumi- 


nance values change. For example, if 


Fig. 3A. A typical, linear reflectance step gray-scale test 
chart placed in the normal studio illumination for observation 
through a camera system. 


the green-channel transfer were too 
“steep,” a performer's face might change 
from its normal hue toward green as the 
performer moved into brighter light or 
toward magenta in shadow areas. It is 
especially difficult to obtain the neces- 
sary uniformity of transfer “tracking” 
in cameras using image orthicons, 
since it is well known that the transfer 
characteristics of these tubes are varia- 
ble. As a result of the electron-redistri- 
bution process, the characteristics may 
follow anything from a square-root law 
to an essentially linear curve depending 
on target voltage setting, average expos- 
ure, highlight-to-average exposure ratio 
and other parameters. To minimize 
these variations the tubes must be ad- 
justed so that highlights fall below the 
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Fig. 2. Camera Spectral Response Characteristics. The spectral response of a 
typical image-orthicon camera tube is essentially complementary to the spectral 
energy distribution of a typical incandescent source as shown by the solid-line 


curves. 


The relative response of the taking primary channels of a tri-tube 


camera are shown by the broken-line curves. 


saturation point or “knee” in tri-tube 
devices rather than above as is common 
in monochrome operation. This mini- 
mizes electron redistribution and_pro- 
vides a fairly stable, almost linear, trans- 
fer, but reduces the output-signal level. 
This in turn requires that the close- 
spaced target, type-1854 tube be used 
in tri-tube devices in place of the familiar 
type 5820 to obtain a satisfactory sig- 
nal-to-noise ratio.® 

Also, to maintain the best possible 
signal-to-noise ratio, careful monitoring 
and adjustment of overall exposure must 
be carried on throughout a performance. 
For this purpose, a remote-controlled 
iris or equivalent must be provided in 
the common optical path of each camera. 

As outlined in the preceding section, 
the three channels of a color camera may 
be adjusted to reach saturation at the 
same exposure level (common-path iris 
adjustment). In making this adjust- 
ment, the target voltages of the three 
image orthicons must first be carefully 
set by means of a voltmeter to a chosen 
potential above cutoff. Higher voltages 
(e.g., 3.0 v) than used in monochrome 
are recommended to further minimize 
electron redistribution effects. Satura- 
tion may be observed by noting the con- 
currence of compression of the top steps 
of the signals from a gray-scale test 
chart (see Fig. 3A) as the exposure is 
varied equally in the three channels. 
After this adjustment is made, the top 
steps may be set just below saturation 
and the shape of the step-wave signal 
obtained from the gray scale obser sed on 
the camera-control waveform monitor. 
The monitor should include an elec- 
tronic gating system whereby the three 
camera channel signals may be “‘over- 
laid” or placed side by side as in Fig. 3B 
to facilitate tracking adjustment. Small 
departures at lower levels may be com- 
pensated for by slight readjustment of 
one or two of the target voltages, and 
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Fig. 3B. The red, blue and green video signals from the chart 
shown in Fig. 3A as seen on a gated waveform display. Color- 
balancing filters are inserted to cause the top steps of each 


signal to reach saturation concurrently. 


by careful adjustment of parameters 
affecting flatness of fields and shading. 
Large departures require selection of one 
or more replacement image-orthicon 
tubes. Shading adjustments must be 
made to achieve flat shading on neutral 
gray backgrounds of 15 to 20% lumi- 
nance reflectance and also to achieve 
symmetry of the crossed gray-scale 
waveforms. 

As noted, the tri-tube camera transfer 
characteristic is essentially linear. Thus, 
a linear reflectance gray scale, Fig. 4, 
is desirable as it provides an almost 
linear step-wave display on the camera 
waveform monitor. However, it is a 
specification of the National Television 
System Committee (NTSC) that the 
camera system be corrected to an over- 
all gamma of 0.45 (1/2.2) to compensate 
for the nonlinearity of the reproducing 
picture tube. A gray scale which follows 
the inverse of this law (gamma = 2.2) 
is useful where a linear waveform dis- 
play is desired at a point in the system 
which follows the electrical gamma- 
correction device. This scale is also 
of value in scenery-reflectance calibra- 
tion and in direct visual observation on 
a picture monitor because its steps ap- 
pear nearly equal to the eye. Observa- 
tion of either of these gray scales on a 
well-adjusted color monitor provides 
a critical check of transfer tracking which 
can be made quickly and easily. Proper 
reproduction of a neutral gray scale 
is among the most severe tests for trans- 
fer tracking in a color system. 

In connection with overall system 
gamma, it is to be noted that the unity 
gamma relation between input light and 
output light values which is theoretically 
necessary for the best color fidelity pro- 
duces rather low contrast, washed-out 
monochrome reproduction. As a com- 
promise, an overall gamma of up to 1.5 
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Fig. 4. Gray Scale for Color Camera Adjustment. The broken- 
line scale is a linear reflectance gray scale suitable for camera 
adjustment. The solid-line gray scale is arranged to produce a 
linear wave-form display after gamma correction and is recom- 
mended for use in scenery luminous reflectance calibration. 


may be used requiring an _ electrical 
gamma correction of 0.7 to 0.8. 


Image Resolution. The three images in a 
tri-tube device must be held in excellent 


registration to achieve good resolution 
and to avoid color fringing. In making 
adjustments it is common, first to adjust 
the scanning size and linearity of the 
green channel which contributes the 
largest portion of fine detail information 


to the luminance signal. The red and 
the blue channels are then adjusted to 
overlay the green channel throughout 
the raster. As an indication of the 
accuracy required, Fig. 5 shows that a 
0.1% horizontal misregistration of the 
red channel results in a 20% reduction in 
luminance signal response for a 280-line 
resolution test pattern, while a 0.59% 
misregistration produces a loss of 30% at 
line numbers 75 and 255. The rectan- 
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Fig. 5. Effect of Misregistration on Resolution. The response of tri-image devices to 
fine detail is influenced by the accuracy with which the three images are scanned in 
proper registration. Ideal aperture correction is assumed in this plot to clearly show 
the relative loss in detail response caused by misregistration. 
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Fig. 6. Coarse camera registration is accomplished by over- 


laying the three images of the rectangular grid pattern. 


Fine 


adjustment must seek to obtain the maximum resolution on 
the fan-shaped resolution wedge over the major portion of the 


raster. 


gular grid pattern on the test chart 
shown in Fig. 6, may be used for coarse 
adjustments, the lines being 0.031 in. 
wide (whereas 0.1% is only 0.024 in. on 
the chart). The resolution wedges, 
however, must be used for fine ad- 
justment, resolution of at least 450 
lines being necessary. Registration ad- 
justments may be observed on mono- 
chrome monitors, the camera monitor- 
ing equipment being equipped if possible 
to display camera channels singly, in 
pairs or all superimposed. 

The same procedure applies to the tri- 
tube portion of the Chromacoder, the 
test chart being transmitted to the trans- 
lation unit through a sequential camera. 

In addition to the loss in resolution in- 
curred by slight misregistration, further 
degradation occurs in tri-tube devices 
from the operation of image orthicons 
with highlights below the knee. Opera- 
tion above the knee which is normal in 
monochrome applications tends to en- 
hance edge contrasts through electron 
redistribution. These enhancing effects 
cannot be achieved in tri-tube color 
devices, because the conditions of opera- 
tion whereby they are obtained also 
produce intolerable nonlinearity and 
variability in transfer characteristics. 

In place of these effects, the effective 
sharpness of a color camera is improved 
by the introduction of aperture correction 
which boosts the higher video frequen- 
cies. The intent of aperture correction 
is to compensate for the inherent loss in 
fine detail which occurs when the image 
is scanned by an electron beam having 
a diameter (effective scanning aperture) 
which is only slightly smaller than the 
image detail structure. Over and above 
correct adjustment of the aperture cor- 
rection amplifiers, it is essential in color 
camera operation that all optical and 
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electrical focus adjustments be monitored 
with great care. 


Suggested Camera Operating Rules. 

1. Operate image orthicons in tri- 
tube devices below the “knee,” riding 
exposure control to hold highlights at the 
proper level. 

2. Accurately set image-orthicon tar- 
get-screen voltages to equal voltages 
above cut-off, (e.g., 3.0 v) varying from 
this only slightly to improve transfer- 
characteristic matching as determined 
by reproduction of a gray-scale chart. 

3. Balance exposures at the image 
orthicon “knee” on the three color chan- 
nels to be coincident within a 0.05 den- 
sity step. 

4. Adjust for flat shading of back- 
grounds on a gray surface having a 15 to 
20% luminance reflectance value. 

5. Adjust image registration prior to 
making final transfer-characteristic ad- 
justments, using the green channel as a 
reference. Adjust to obtain detail reso- 
lution to at least 450 lines. 

6. To compensate for limited resolu- 
tion, be meticulous in adjusting and 
monitoring optical and electrical focus. 

7. To the greatest possible extent make 
all adjustments correctly in advance of an 
operation and make only emergency 
changes during operation. 


Color Television Staging 

Whereas it is an objective of camera 
operation to generate signals which 
faithfully reproduce the hue, saturation 
and brightness of the original scene, it is 
the purpose of staging and lighting to 
achieve prescribed artistic effects. In- 
tentional distortions may be required 
to obtain a certain effect. For ex- 
ample, enhancement of color contrasts 
may be required, as is true also in photog- 


raphy and pictorial painting, to create 
the illusion of a three-dimensional scene 
on a flat viewing surface. The- practice 
of such compensations requires a mutual 
understanding of the problems and close 
cooperation among technical, staging 
and lighting personnel so that adjust- 
ments may be made in the most appro- 
priate way. 

Fortunately, the more realistic ap- 
pearance of color reproduction makes it 
somewhat easier to predict the end result 
than in the case of monochrome. How- 
ever, the idiosyncrasies of the television 
facilities detract somewhat from this 
predictability and call for certain allow- 
ances in staging practice. Specifically 
to be avoided are: certain colors which 
are reproduced inaccurately, condi- 
tions wherein colored backgrounds in- 
teract on foreground objects and exces- 
sively fine detail which is beyond the 
capability of the system. In addition, 
there is the ever-present requirement 
that a balance be achieved between color 
contrast and luminance contrast to in- 
sure satisfactory reproduction in mono- 
chrome as well as in color. Proper 
solutions to these and other staging prob- 
lems require an understanding of the 
manner whereby staging materials re- 
flect light of various wavelengths to pro- 
duce sensations of hue, saturation and 
luminance. 


Reflectance of Surfaces. An opaque sur- 
face in a scene appears to have color as a 
result of the particular way in which it 
reflects light. Visible light is known to 
include radiant energy components hav- 
ing wavelengths ranging from 4000 to 
7000 A (A = Angstrom unit = 0.1 my 
= 1/4,000,000,000 in.). If these single- 
wavelength components were observed 
individually, they would produce color 
sensations ranging from violet (about 
4000 A) through blue, cyan, green, 
yellow and orange to red (above 6000 
A) — the so-called spectral colors. If 
the light reflected from a surface con- 
tains relatively stronger components in 
a particular region of the spectrum, it too 
may produce the sensation of a character- 
istic color or hue. Such a hue may be 
identified in terms of the particular or 
dominant wavelength of a single com- 
ponent which would produce the same 
sensation. The degree to which the 
actual reflected light components are 
concentrated near the dominant wave- 
length determines the saturation. A 
highly saturated color has a relatively 
narrow spectral-energy distribution and 
may be thought of as having a high pur- 
ity of the dominant wavelength. The 
total strength of the reflected light de- 
termines its brightness or luminance 
value. 

Luminance value is measured with ref- 
erence to the amount of radiant energy 
which falls within the spectral region of 
the standard luminosity curve. This 
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curve, included in Fig. 7, has been 
chosen by international agreement to 
represent a standardized spectral-sensi- 
tivity characteristic for the human eye. 
(In monochrome television, the camera 
spectral sensitivity corresponds approxi- 
mately to this curve, and the camera 
output signal thus provides a direct 
measure of luminance values. In color 
television, additional steps are involved. 
To obtain a measure of the hue and sat- 
uration of colored surfaces, the color- 
camera response is broken into rela- 
tively narrow portions of the spectrum 
as indicated in Fig. 2. The relative 
amplitudes of the video signals obtained 
from each of these three primary color 
regions are then compared to obtain 
video signals representing color differ- 
ences and thus conveying hue and satura- 
tion information. Also, the signals from 
the three channels are added together in 
proportions established by their spectral 
positions on the standard luminosity 
curve to form a video luminance signal. 
This luminance signal is essentially simi- 
lar to that generated directly by a mono- 
chrome camera. It is to be noted 
that the camera basic spectral response 
combined with the spectral distribution 
of the incident light may be assumed for 
the present to be uniformly balanced 
throughout the spectrum, the staging 
problem being concerned with the 
spectral reflectance of surfaces. 


Selection of Colored Surfaces. The selec- 
tion of materials and paints for a given 
scene is complicated by the divergent 
requirements of color and monochrome 
reproduction. Color reproduction calls 
for a reduced range of luminance values 
to allow scope for the color-signal com- 
ponents. In this case, the lack of lumi- 
nance contrast is more than compen- 
sated by color contrast, i.e., differences 
in hue and saturation. In monochrome 
reproduction of the same signal, however, 
the benefits of the color contrasts are not 
present and the reduced luminance 
range results in a relatively low-con- 
trast image. This conflict between 
color and monochrome contrast will be 
a problem as long as monochrome re- 
ceivers are in use. It may be resolved 
by using somewhat desaturated colors, 
and by making up for reduced large- 
area luminance values by including 
small, bright, white highlights in the 
scene. 

As in the case of monochrome studio 
practice, the luminance-reflectance scale 
is chosen with respect to the typical 
reflectance of a performer’s skin. The 
reflectance of skin differs for various 
spectral wavelengths as shown in Fig. 7. 
That is, it has color — a desaturated 
yellow-pink. However, its luminance 
value of reflectance, measured against the 
luminosity curve as shown, for typical 
fair-skinned individuals falls between 
30 and 40%. The gray scale shown by 
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Fig. 7. Spectral and Luminous Reflectance of Skin. 


STANDARD CIE LUMINOSITY RESPONSE CURVE 
LUMINOUS REFLECTANCE OF SKIN (AREA+35%0F CIE CURVE) 


The spectral reflectance of 


human skin varies among individuals, among different areas of each individual 


and as a function of exposure to the sun. 


not all inclusive. 


The range shown is representative, but 


The luminous reflectance of any surface is its relative reflecting 


efficiency as measured against the standard luminosity curve and as compared 


to a perfect reflector. 


the solid line in Fig. 4 has been chosen to 
have its top step at about 60%, the en- 
tire scale having been shifted downward 
as compared to that recommended for 
monochrome. Large areas of the scene 
should not be allowed to exceed this 
60% luminance reflectance and _pref- 
erably should be held between 20% 
and 50%, a range of 24 to 1. This 
applies to areas which appear larger 
than about one-quarter of the area of a 
performer’s face in the camera image. 
This restriction is necessary in order to 
insure that overexposure of the camera 
tubes may be avoided and that there will 
be ample headroom available for super- 
imposing the chrominance signal on the 
luminance component in transmission. 
However, it is desirable to allow small 
white highlights to exceed this value in 
order to enhance the luminance con- 
trast in monochrome reproduction. 

Scenic design is facilitated if a cata- 
log of precalibrated samples of scenery 
materials is made. The samples may 
be calibrated for luminance reflectance 
against the color gray scale as observed 
through the camera system after the 
manner outlined for monochrome.? In 
making such calibration, the encoded 
signal should be observed on a mono- 
chrome monitor. 

Precalibration of samples with respect 
to their color aspects, hue and satura- 
tion, is a littke more cumbersome be- 
cause of the great number of possible 
combinations of these factors. However, 
it is possible, by means of an electronic, 
vector display of an encoded color signal 
to obtain numerical quantities which 


specify hue and saturation. Hue is 
expressed as a vector angle, saturation, 
as an amplitude in a display which pro- 
vides a close analogy to the familiar 
ICI (International Commission on II- 
lumination) chromaticity diagram as 
shown in Fig. 8. An alternative method 
for precalibration could be evolved 
using one of several commercially avail- 
able, material color standards as a 
reference for comparison. In the Mun- 
sell System, for example, letter and num- 
ber designations are assigned to over 
400 samples covering a wide gamut of 
hue and saturation and of luminance 
values as well.78 Actually, if luminance 
values are held within bounds, very 
little restriction on hue exists and satura- 
tions need be kept low in only a few 
cases. At this stage of the art, it is felt 
that any elaborate system for color 
precalibration is unnecessary, so long as 
luminance reflectance values are prop- 
erly controlled. Only a few colors may 
cause trouble, particularly those having 
both high luminance and high satura- 
tion such as yellows and cyans and oc- 
casionally those having very low lumi- 
nance such as dark blues and reds. 
Such few colors may be noted and used 
with due care as to luminance condi- 
tions. 


Background Surfaces. In large area 
backgrounds, it is important to avoid 
high luminance values in highly satu- 
rated colors, particularly those having a 
hue near one of the three camera pri- 
maries or its complement. A _pre- 
dominance of energy in one color may 
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SPECTRUM COLOR LOCUS 


NTSC COLOR TRIANGLE 


ICI Chromaticity Diagram 
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Vector Display of Encoded Signal 


Fig. 8. The chrominance portion of an encoded signal obtained from a sample of 
material (e.g., a green color chip) when viewed on a vector display shows hue as a 


vector angle and saturation as a radial distance. 


The NTSC-specified receiver 


primaries are plotted in their correct positions on this display and also on the ICI 
chromaticity diagram to show the similarity of the two displays. 


cause overexposure and consequent shift 
in the transfer characteristic in the 
corresponding camera channel (or dur- 
ing the corresponding period in a se- 
quential camera). The effect is to 
cause foreground objects to shift in hue 
as they are moved in front of the back- 
ground color area or as the camera-lens 
acceptance angle is changed, changing 
the relative area covered by the colored 
background in the final image. A 
case to be particularly avoided is a 
high-luminance, high-saturation cyan 
background which, if it overexposes the 
green and blue camera channels, may 
cause faces to turn red. This electronic 
effect is independent of direct optical 
contamination of foreground object color 
by light reflected from nearby colored 
surfaces. 

The use of desaturated or pastel 
matte surfaces, and medium 
luminance values will solve part of the 
background problem. The inciusion 
of patterns or pictorial details in which a 
more or less equal amount of reflectance 
is provided in the three primary colors 
also will help. Scenic backdrops which 
include well-distributed, desaturated, 
primary colors usually reproducq well 
in both color and monochrome. Ex- 
cessively busy backgrounds shoud, of 
course, be avoided. In general, tan, 
beige or pink areas reproduce §satis- 
factorily and have a minimum effect on 
the most important foreground object 

a performer’s face. Uniform gray 


colors, 


areas which contain equal amounts of 


energy in the three primaries are some- 
what difficult to use because slight de- 
partures from an intended neutral gray 
are easily noted by a viewer. Gray may 
be used in smaller areas. Low key effects 
may be used if the dark areas are partially 


filled in with objects or areas providing a 
reasonably high though not necessarily 
continuous reflectance in all three pri- 
mary color regions. Outdoor scenes 
should avoid using the open sky with its 
very high luminance as a background, a 
building, trees or other less luminous 
areas being more satisfactory. 


Clothing and Make-up. Clothing, which 
appears adjacent to a performer’s skin is 
subject to the same general considera- 
tions as backgrounds. Where the cloth- 
ing is intended to be colored, care must be 
taken to avoid saturated colors which 
might cause differential overexposure 
and adverse effects on adjacent skin areas. 
Where clothing is intended to appear 
white, “‘tattle-tale gray’? must be sub- 
stituted for the light blue or tan garments 
used to achieve reduced luminance in 
monochrome practice. The ‘‘white” 
clothing should have a luminance re- 
flectance which does not exceed the 60% 
step of the gray scale. With respect to 
the texture of woven material, the swirl 
pattern which results from the beat be- 
tween the texture pattern and the camera 
scanning lines may show up in distracting 
rainbow effects in the color system. To 
avoid this, the material may be replaced 
or the picture composition altered to 
change the relative dimensions of the tex- 
ture as compared to the camera raster. 

In addition to being influenced by 
surrounding areas in a scene, the repro- 
duction of skin color is complicated by 
the variation of the spectral reflectance 
of skin among individuals (see Fig. 7). 
Also, the color will vary from one part of 
a person to another depending on sun tan 
and other factors. Thus, the objectives 
of make-up for color television are to 
make all visible areas of each performer 


look the same and to achieve reasonable 
uniformity of coloration among the 
several performers. The principal cor- 
rection required among individuals in- 
volves slight variations along a green-to- 
magenta axis. The amount of make-up 
required is normally small enough so that 
the appearance of the performer is quite 
natural on direct observation. In apply- 
ing make-up, any direct visual judgments 
should be done under illumination of the 
same type and color balance as that used 
in the studio. A final, on-camera ob- 
servation is desirable. 


Identifiable Surfaces. The familiar and 
easily identified packages and _trade- 
marks of well-known products may re- 
quire particular attention to insure their 
reproduction with good color fidelity. 
In some cases, retouching may be re- 
quired to achieve the desired final result. 
A number of packages include high- 
luminance white areas which may have to 
be toned down toward gray to conform to 
the luminance range limitations. Colors 
can usually be accommodated satis- 
factorily although in some cases it will be 
desirable to raise or lower the relative 
luminance of a particular color by re- 
touching with black or white paint. In 
addition to the use of direct retouching of 
the packages, slight errors in color rendi- 
tion can sometimes be rectified by the use 
of color filters on the camera lens or on 
the light source. This is, of course, re- 
stricted to cases where the package is 
viewed alone. In general, it is not ad- 
visable to attempt corrections by camera 
adjustment although this, too, may be 
required in special cases. 


Image Sharpness. 1t has been recom- 
mended in monochrome practice! that 
close-up views be used where facial or 
other fine detail is important. In color, 
the need for this is even greater because 
the system imposes a slightly lower limit- 
ing resolution than that of monochrome. 
The present-day camera and receiver 
equipment further degrades signal trans- 
mission, the overall resolution limit being 
about 15% lower in typical operation 
than for the monochrome system. This 
figure should be kept in mind as a guide 
to how much larger a given object should 
be made in the final image to insure detail 
rendition commensurate with that ex- 
pected in the familiar monochrome sys- 
tem. It should also be noted that resolu- 
tion and sharpness will be further en- 
hanced if color saturation is kept low, 
particularly for viewing on monochrome 
receivers. 

Slight additional detail degradation 
will accompany motion because of rela- 
tively long storage time in the camera 
tubes (operating without redistribution) 
and because of the slow decay times of 
certain of the color picture-tube phos- 
phors. Another factor relating to image 
sharpness is the practice of opening the 
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camera lens aperture one stop wider than 
in the case of monochrome, to compen- 
sate partially for the losses in camera sen- 
sitivity. This causes a reduction in 
depth of focus making it a more critical 
matter to keep the camera in focus and 
reducing the depth of playing area 
which may be kept in focus simultane- 
ously. The increased importance of 
this problem makes it desirable to ex- 
amine proposed scenes with a view to 
using shallow playing areas. 


Suggested Staging Rules. 

1. For optimum color reproduction, 
large area surfaces should have a lumi- 
nance reflectance not over 60% and pref- 
erably between 20% and 50%. 

2. Small white highlights may be 
allowed to exceed these limits in order to 
achieve acceptable luminance contrast 
for monochrome viewing. 

3. Samples of colored materials and 
paints should be precalibrated as to 
luminance value against a gray scale. 

4. Backgrounds should be low in 
saturation, matte-surfaced and _ of 
medium luminance. Patterns or pic- 
torial material which provide reflectance 
in all three primary colors should be dis- 
tributed through a scene — particularly 
in low-key backgrounds. 

5. White clothing must not be worn, 
gray shirts should be used to represent 
white, in place of blues or tans used in 
monochrome practice. 

6. Make-up should be judged ‘‘on- 
camera” or at least under lighting of the 
same type used in the studio. Care 
should be taken to make all exposed skin 
match. 

7. Identifiable product packages may 
require slight corrective retouching, 
particularly in high luminance whites, in 
order to reproduce correctly in both color 
and monochrome. 

8. Close-up shots should be tightened 
about 15% as compared to monochrome 
to retain equivalent fine detail, when it is 
desired, in the image. Also, scenes may 
have to be designed with shallow playing 
areas. 


Color Television Lighting 


As noted, the hue, saturation and 
luminance signals derived from a colored 
surface depend on the character of the 
incident light as well as the reflectance 
characteristics of the surface itself. Color 
television reproduction, like color photog- 
raphy, is influenced by the color quality 
of the light used in the studio. Whereas, 
in monochrome television, the color 
balance of the studio lighting has only 
secondary effects on the gray rendition of 
colored objects, in color television, varia- 
tions in illuminant color can result in 
drastic changes in color reproduction. 
Therefore, in addition to the careful ad- 
justment of the base light levels and ef- 
fects-to-base light ratios, particular care 
must be given to the nature of the light 
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Fig. 9. Spectral Energy Distribution of Typical Light Sources. 


INCANDESCENT LAMP AT 3000°K 
INCANDESCENT LAMP AT 2°50° K 


TYPICAL MIXED DAYLIGHT 
ees “DAYLIGHT” CARBON ARC 


The spectral energy 


distribution of the typical light sources shown are sufficiently smooth for use in color- 


television lighting. 


Intermixture of incandescent lamps and carbon arcs or davlight 


requires filter-correction of one of the two sources. 


source itself. The problems, however, 
are in no way mysterious and are amen- 
able to straightforward solutions. 


Sources of Light. Sources of light in 
color television studios must be capable of 
producing relatively high illumination 
levels, must be easily adjusted to the same 
color balance among different units and, 
above all, must have a spectral energy dis- 
tribution which follows a smooth curve. 
The narrow, high-amplitude peaks which 
are contributed by the low-pressure mer- 
cury arc which excites the phosphor in 
fluorescent lamps, for example, can cause 
serious distortion in the rendition of cer- 
tain colors. Although fluorescent lamps 
have been used in some color television 
demonstrations and for industrial appli- 
cations, sharply peaked, discontinuous 
spectra of this type should be avoided 
where color fidelity is important. 

Sources which have sufficiently smooth 
spectral-energy distributions include in- 
candescent lamps, sunlight and some car- 
bon arcs. Representative spectra for 
these sources are compared in Fig. 9. 
If sources having widely differing spectral 
distribution are to be intermixed, they 
must, of course, be corrected by means 
of filters to match in relative energy level 


throughout the visible spectrum. In- 
candescent sources are the most suitable 
for present-day television-studio opera- 
tion because, in addition to a smooth 
spectrum, they are convenient to handle 
and maintain, they are readily available 
in a wide range of sizes and types and 
they may be easily adjusted to obtain a 
spectral match among units. 


Incandescent Lamps. Although the 
spectral distribution of incandescent 
lamps follows a smooth curve, there is 
not an equal amount of energy in all 
parts of the spectrum. In general, the 
energy is higher at the red end of the spec- 
trum and includes components in the 
invisible, infrared region. There is, 
however, ample relative energy in the 
blue end of the spectrum to enable color 
correction to be introduced optically at 
the camera to give the effect of an equal 
energy distribution. The correction is 
facilitated because the camera pickup 
tube has its highest sensitivity in the blue 
region so that the camera response and 
the illuminant distribution are somewhat 
complementary (Fig. 2). It is of greatest 
importance that the spectral distribution 
be made essentially the same for all light 
sources so that the correction introduced 


Color-Television Staging and Lighting Practices 47 


45 
| | | | / 
5 — — + + 7 
| 
| | 
j 
| 


46 


August 1954 Journal of the SMPTE Volume 63 


er 
3.0 T 
! 


LUMENS / WATT 


@Q 


RELATIVE VALUES 


REL.BLUE CONTENT 


6 
\ 
.2 | N 
IFE 
° 2600°K 2800 °K 3000°K 3200°K 3400°K 


NOMINAL COLOR TEMPERATURE 


Fig. 10. Incandescent Lamp Parameters. 


Relative values of incandescent-lamp 


parameters are arbitrarily set at unity for a nominal lamp color temperature of 3000 
K to show the relations between total light output (lumens), efficiency (lumens/watt), 
the relative energy at the dominant wavelength of the camera blue primary compared 
to that at the red primary (relative blue content) and (life) as the lamp color tempera- 


ture is varied. 


at the camera will be usable throughout 
the studio area, This places some re- 
strictions on the choice of lamps and on 
dimming adjustments. 

Light is produced in an incandescent 
lamp by passing an electrical current 
through a small filament of tungsten 
wire, heating the wire to the point where 
it glows. As the current flow is in- 
creased, the heat of the filament is in- 
creased and the metal progresses from 
being ‘‘red-hot” to being “white-hot.”’ 
As it is characteristic for the spectral dis- 
tribution of the radiated energy of glow- 
ing, incandescent material to follow a dis- 
crete curve for any particular tempera- 
ture of the material, it is common prac- 
tice to describe energy spectra for incan- 
descent lamps in terms of ‘“‘color-tem- 
perature.” Thus, a 2850 K lamp has a 
spectrum similar to that which would be 
produced by a sample of idealized radiat- 


ing material heated to a temperature of 


2850 K. The Kelvin scale of tempera- 


ture has degree units equal to those of the 
Centigrade scale, but has its zero at — 273 
C. As the temperature is increased, the 
relative energy level in the blue region 
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increases somewhat, causing the pro- 
gression from a reddish toward a whiter 
color balance as noted above. 

There are intrinsic relations for a given 
size of lamp (size and shape of filament 
wire) among the total light output, the 
efficiency, the color temperature (and 
thus spectral distribution) and the life of 
the lamp.® These relations are plotted 
with respect to color temperature in Fig. 
10, from which it is apparent that the 
higher color-temperature lamps (such as 
the 3200 K color photography series) 
produce more and somewhat “whiter” 
light with a drastically reduced life. In 
color television studios there appears to 
be no reason to use other than the 
general service series of lamps which 
range from 2870 K to 3000 K in color 
temperature, there being ample blue 
energy present to enable the camera to be 
properly color balanced even with color 
temperatures as low as 2300 K. ‘ihe 
important point is to hold all lamps in a 
studio within a limited range which per- 
mits them to be intermixed. 

As a rule of thumb, the color tempera- 
ture of a lamp may be assumed to 
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change about 10 K for every volt depar- 
ture from normal applied line voltage 


(120 v). In practice, it is possible to 
intermix lamps which are within a range 
of +100 K, requiring voltage to be held 
within +10 v for a given type of lamp. 
This allows a reasonable range of dim- 
ming adjustment for purposes of balanc- 
ing levels and ratios, a 10-v reduction in 
applied voltage corresponding to a 30% 
reduction in light level. However, 
greater amounts of dimming adjustment 
should be used sparingly because they 
produce a large enough change in color 
balance to be noticed through the 
television system. The relative spectral 
energy distributions for several lamp 
operating conditions are compared in 
Fig. 11. Dimmer adjustments may be 
used within limits to balance out dif- 
ferences among lamps of different watt- 
age ratings which have different normal 
color temperatures, to compensate for 
aging effects (a drop off of as much as 50° 
sometimes taking place), or to compen- 
sate for color changes introduced by the 
fixtures (as much as +50°). In critical 
work, such adjustments may be made by 
noting relative photocell meter readings 
through red and blue filters, such as 
Wratten No. 25, red; and No. 47, blue. 
Color-temperature meters have been de- 
scribed” which provide a convenient, 
calibrated means for making this type of 
measurement. Meters capable of read- 
ing red, green and blue spectral reflect- 
ance are useful where these three regions 
of the spectrum are desired to be meas- 
ured," 

Some improvement in light-to-heat 
energy ratio on the stage area may be 
obtained by fitting all incandescent fix- 
tures with infrared absorbing filters. 
For example, Aklo #3962, cut into 1-in. 
strips and held loosely in frames to pre- 
vent fracture from heat-induced strains is 
suitable for this purpose. The nuisance 
of the added element on each light fixture 
must be weighed against the slight im- 
provement in comfort for the performers. 
There is no advantage with respect to 
camera performance. 


Lighting Levels. The primary color 
filters in the color television camera re- 
duce the amount of light energy reaching 
the camera tube for any one color to less 
than } the amount which reaches the 
tube in a monochrome camera. Addi- 
tional losses occur in added optical ele- 
ments and in the compensating filters used 
to achieve balanced spectral response. 
The net result is to make the color camera 
sensitivity for correct exposure conditions 
about } that of a monochrome camera. 
This applies to both the Chromacoder 
field-sequential camera and to the tri- 
tube camera. Although a less sensitive 
pickup tube is used in the latter, it is 
operated at a relatively lower exposure 
with respect to its saturation point and 
thus requires a similar light level. It is 
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recommended that about half of this de- 
crease in sensitivity be made up by open- 
ing the camera lens one stop and the re- 
mainder by increasing the light level by a 
factor of 2.5:1. As compared to the rec- 
ommended monochrome lighting level! 
of 120 +10 Im/sq ft (footcandles) with a 
lens stop of f/8 the color lighting level 
should be 300 + 20 lm/sq ft with a lens 
stop of f/5.6. For areas which are in- 
tended to be reproduced similarly, the 
tolerance should be observed over the 
entire playing area including the back- 
ground and due consideration should be 
given to uniformity for all camera angles. 

It is worth noting that this increase in 
base-light level requires an increase from 
60 w/sq ft of actual studio playing area to 
150 w/sq ft for color. It is suggested 
that a minimum of 50 w/sq ft of total 
studio floor area be provided in color 
studios, playing area normally utilizing 
3 of the total floor space. 

Effects light should be employed as in 
monochrome except that ratios of effects- 
light components such as back lighi, 
modeling light, key light and eye light to 
the base light must be reduced slightly 
over those used for monochrome al- 
though at some sacrifice in the contrast of 
the monochrome reproduction from the 
color signal. Compromises must be 
made in individual cases on an artistic- 
judgment basis, observing the result on 
both monochrome and_color-picture 
monitors. As target values for effects- 
light components, it is recommended 
that back light be set between } and 1 
times base light and that modeling light, 
key light or other side light be set be- 
tween 1 and 14 times base light. Eye 
light and other specular highlight sources 
must be adjusted to achieve the desired 
effect, small, sharp highlights serving to 
enhance the apparent monochrome con- 
trast. Care must be taken to maintain 
the level of the light reflected from back- 
ground areas within a range from 3 to 1 
times the light reflected from performers’ 
faces, requiring that the incident light 
level on the background be about equal 
to that on the performer for normal 
scenes. 

The relative incident light levels may 
be measured with ordinary photoelectric 
exposure meters in the manner used in 
monochrome television. That is, base 
light should be measured first and the 
effects lights added and measured indi- 
vidually. In cases where unusual care is 
required, supplementary measurements 
of reflected light may be made, the ratio 
of the lightest to the darkest areas of the 
scene being held to not exceed 5:1 for 
large areas and 20:1 for small areas. 


Special Effects. The possibilities for 
special effects in color lighting are almost 
unlimited. The few precautions which 
must be observed include: (1) Effects 
should be avoided which, although satis- 
factory in color, are meaningless or even 
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———— TOLERABLE SPECTRAL ENERGY DISTORTION IN COLOR SYSTEM 


— JUST DETECTABLE SPECTRAL ENERGY DISTORTION 


Fig. 11. Spectral Distribution vs. Color Temperature. 


The curves of the relative 


spectral distribution of incandescent lamps as a function of color temperature have been 
normalized to unity at the dominant wavelength of the camera, red-taking primary and 
plotted so the camera response is equally balanced throughout the spectrum for the 


reference value. 
conditions. 
able in typical operation. 


confusing in monochrome reproduction ; 
(2) Care should be taken to prevent pur- 
posely colored effects-light from optically 
spilling into adjacent areas of the scene 
thus distorting the color rendition of 
familiar objects; (3) As in the case of 
staging, strong saturated background 
colors which might interact on camera 
tube transfer tracking should be avoided. 

Fixtures equipped with dyed-gelatin 
filters (stage “‘gelatins’’) may be used to 
provide readily changed background 
colors on a gray cyclorama backdrop. 
Three sets of fixtures fitted with red, 
green and blue gelatins and so positioned 
as to have overlaying coverages, may be 
differentially dimmed to produce almost 
any desired color at any desired level of 
luminance. It is to be noted that there 
is almost no shift in color as a filtered 
lamp is dimmed because the filter passes 
only a very limited bandwidth within 
which lamp spectrum variations are neg- 
ligible.- Dimming of color-filtered 
lamps may, therefore, be done without 
restriction. 

Low key effects may be handled by the 
color television system although it is 
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The minimum detectable variation refers to carefully controlled test 
The tolerable distortion limits correspond to conditions found not notice- 


desirable to avoid large dark areas be- 
cause very slight differences in camera 
shading signals may show up as color- 
shading effects. A “‘fade-to-black”’ may, 
if shading and setup adjustments are not 
very precisely made, become a fade-to- 
magenta; on the other hand, if camera 
adjustment is correctly done, the tri-tube 
camera will be less subject to the spurious 
effects often encountered in monochrome 
operation. To be safe, lighting and stag- 
ing should be arranged to insure the pres- 
ence of at least some luminous area in all 
parts of the picture raster. The dark 
areas may be allowed to go as low as 
100 Im/sq ft in incident light. 

Spotlight effects can be used if they are 
adjusted to produce a total front light— 
including base light —- which does not 
exceed 1} times the normal base-light 
level. Also, the background which ap- 
pears behind the performer in the picture 
should be lighted to have a reflected lum- 
inance between 3 and 1 times that of 
the performer’s face. Arc spotlights, of 
course, must be color corrected with fil- 
ters or gelatins to produce a color match, 
as observed visually, with the incandes- 
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cent lamps used in the studio unless a 
colored effect is desired. The carbon- 
flame arc and high-intensity arc have 
sufficiently uniform spectra to make such 
correction and intermixing possible.” 

Similarly, the light from rear-pro- 
jection devices using arc lamps must nor- 
mally be filtered to match the studio il- 
lumination in color balance. As an ex- 
ample, a 90-amp carbon-arc slide pro- 
jector used with a neutral screen has been 
found to be satisfactorily corrected with 
the equivalent of a Wratten No. 86B 
filter. In rear projection, arc sources 
will generally be required for the cover- 
age of any area larger than 20 sq ft be- 
cause of the high ambient studio light 
and the need to balance foreground and 
rear-projection luminance levels more 
closely for color. Precautions must be 
taken to obtain steady, flicker-free illu- 
mination from are sources. Additional 
color correction will often be required to 
obtain the desired effect from any partic- 
ular color slide being used. 


Suggested Lighting Rules. 


1. Use light sources which have 
smooth energy distribution 
curves, such as incandescent lamps. 

2. The standard service series of in- 
candescent lamps, having spectral distri- 
butions corresponding to color tempera- 
tures of between 2800 K and 3000 K, are 
recommended, 

3. Maintain the color balance among 
source units and fixtures within +100 K 
(corresponding to +10 v). 

4. Do not dim unfiltered lamps to 
lower than 90% of rated voltage (which 
corresponds to 70% of rated lumen out- 
put), 

5. Use a base-light level of 300 +10 
Im //sq ft. 

6. Use a back-light level of } to 1 
times the base-light level. 

7. Use a side-light level (modeling or 
key) of 1 to 1} times base-light level. 

8. Measure reflected-luminance levels 
with a spot brightness meter in critical 
work and hold large areas of the scene 
within a 5:1 range. ' 

9. Use “gelatin” filters @n three in- 
termixed sets of background or cyclorama 
lighting fixtures to obtain a wide gamut 
of background colors. 

10. Correct with light filters the light 
from carbon arcs used in rear projection 
or spotlights to match the light from the 
incandescent studio lights. 


spec tral 


Summary 


As compared to monochrome prac- 
tices, color-television live-studio opera- 
tion requires a much more careful and 
critical approach. Cameras and as- 
sociated equipment must be carefully ad- 
justed as to spectral response, transfer 
characteristics, tri-channel registration 
and resolution. Staging must be de- 
signed to make the most out of the pres- 
ent facilities in order to produce artistic 
results in both color and monochrome. 
Luminance values must be relatively 
lower than in monochrome studios and 
color saturation must be played down in 
large areas. However, color can be 
used almost without limit in smaller 
areas and objects. Lighting, in turn, 
must be controlled as to spectral energy 
distribution and a higher and more 
evenly distributed base level must be 
provided. Effects-light ratios are slightly 
reduced. Dimming is restricted some- 
what except in the case of color-filtered 
fixtures used for special effects. Almost 
unlimited color effects are possible 
through combinations of staging and 
lighting control so long as the transmitted 
signal provides the luminance contrast 
required for monochrome reproduction 
as well as the color contrast (with reduced 
luminance range) desirable in color re- 
production. 

Future progress in color-television 
studio operation depends to a large de- 
gree on the development of cameras 
having better resolution, improved sta- 
bility of transfer characteristic and a 
greater luminance acceptance range. 
Improvements in color picture tubes are 
also needed to realize the full potenti- 
ality of the NTSC system of transmis- 
sion. However, even with present 
equipment, good results can be obtained 
through careful attention to details in 
camera operation and in studio staging 
and lighting practices. 
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Discussion 

Stuart M. Cadan (Naval Photographic Center): 
As in the case of monochrome television, when 
you increase target voltage you must increase the 
beam current proportionately to discharge the 
target. This increases the noise level. What is 
the effect of this on the color television image? 

Mr. O’ Brien: One must achieve a compro- 
mise adjustment. Because noise is increased, it 
is common to run beam current at the lowest 
value which will just discharge highlights. Inci- 
dentally, the use of a limited range of luminance 
values in the stage setting, by holding highlights 
down, makes it possible to keep beam current 
low. 

An interesting additional point to note is that 
the noise components from the three camera 
channels add in quadrature, whereas the lumi- 
nance portions of the signals are combined 
linearly providing a gain in effective signal-to- 
noise ratio. Also, the close-spaced (target to 
target-screen spacing) type image orthicon used 
in tri-tube devices has an inherently better 
signal-to-noise ratio than the tube more com- 
monly used in monochrome cameras. 
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Color Television Light Sources 


A review of the characteristics and operating features of various light sources 
for color television is presented. The factors leading to the present choice of 
tungsten illumination are discussed both on a theoretical and practical basis. 
Some operating experiences are described and the overall effects demonstrated. 


a ACCELERATED transition to color 
television from black-and-white has 
reopened the need for reviewing avail- 
able light sources which could be 
applicable to the latest developments. 
The relationship between the camera 
and the illuminant is of primary im- 
portance, and although the characteris- 
tics of the RCA color camera have been 
more fully described elsewhere,' a brief 
repetition of the essential elements will 
help in arriving at the best solution. 

In the RCA compatible color system, 
three image-orthicon pickup tubes 
(#1854) are used. A typical arrange- 
ment is shown in Fig. 1. Each pickup 
tube translates only a portion of the 
visible spectrum into video information. 
This is accomplished by the use of the 
dichroic mirrors and color filters asso- 
ciated with each additive primary 
channel and result in the taking charac- 
teristic as shown in Fig. 2. 

The spectral response distribution 
curves for the three color separation 


Presented on May 7, 1954, at the Society’s 
Convention at Washington, D.C., by Herman 
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Rockefeller Plaza, New York 20. 
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channels are intended for live pickups 
and correspond to the major positive 
lobes of the complete spectral response 
distribution as shown in Fig. 3, which 
are required to control directly the three 
reproduction primaries standardized by 
the National Television System Com- 
mittee for the reference color receiver 
given in Table I. 


Table I. The Trichromatic Coefficients 
for the NTSC Reference Receiver 
Primaries. 

Primary x y 
Blue . 0.14 0.08 
Green 0.21 0.71 


Red . 


0.33 


In order to keep distortion of the color 
information to a minimum in the video 
signals obtained for the three color 
channels, each tube is operated on a 
substantially constant gamma_ curve. 
This requirement necessitates operating 
each image orthicon entirely below the 
knee of its transfer characteristic shown 
in Fig. 4. 

Since we are dealing with a compatible 


By HERMAN M. GURIN’ 


system, it is necessary to provide a con- 
trast range and _ signal-to-noise ratio 
which are adequate for both black-and- 
white and color reproduction of the 
color signal. It is important therefore 
to raise the upper limit of the constant 
gamma region to give the peak highlight 
signal the highest possible value without 
extending the operation above the 
knee of the transfer characteristic. In 
this manner, there is little, if any, 
redistribution of secondary electrons 
over adjacent picture areas and problems 
encountered in monochrome operations 
such as “ghosts,” “halo,” and black 
edges are avoided. Although contrast 
in a color picture is primarily achieved 
by hue rather than brightness informa- 
tion, good contrast is important in the 
reception of the color on monochrome 
receivers. 

The spectral characteristics of the 
standard image orthicon are such that 
no major changes are needed to adapt 
it for use in color systems. The spectral 
response of the photo-surface is shown 
in Fig. 5. The neutral density filters 
shown earlier in Fig. 1 are used to 
compensate for the variation in sensi- 
tivity of the individual image orthicons 
by balancing the illumination levels 
so that all three tubes operate over 
identical regions of their transfer charac- 
teristics. These filters are also required 
because the normal differences in the 
light transmission characteristics of the 
red, green and blue color filters result in 


FRONT SURFACE MIRROR 


RED REFLECTING 


IMAGE ORTHICONS 


CONDENSER 
LENS 
LENS LENS LENS REO FILTER 
| ] GREEN FILTER 
NEUTRAL DENSITY FILTER 
| 
BLUE FILTER 
ARIS | “NEUTRAL DENSITY FILTER 
LIGHT PATH | 
BLUE REFLECTING 
— 
DICHROIC MIRROR / 
FRONT SURFACE 
MIRROR 
Fig. 1. Block diagram of optical system and general physical relation of components in RCA color camera. 
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Fig.2. Spectral response characteristics of the individual 
color channels of the RCA three-tube image-orthicon 


color camera. 


unequal light inputs to the three tubes 
unless suitable compensation is provided. 
Since the spectral distribution of various 
light sources differs widely, different 
color filters are required for each il- 
luminant as well as a corresponding 
change in neutral density filters to 
maintain identical operating points in 
each of the primary channels. 

In judging satisfactory performance, 
the color reproduction system must be 
operated such that the chromaticity of 
colored subject material is reproduced 
at a fixed chromaticity independent of 
the spectral distribution of the illumina- 
tion in the studio. This relationship 
may be achieved by two methods: 

(1) Using an effectively constant sub- 
ject illuminant for all scenes by employ- 
ing appropriate energy conversion filters 
the light sources or camera 
objective. The same results (illuminant 
conversion) may be achieved indirectly 
by altering the shapes of the spectral 
response distributions of the camera to 
compensate for the use of taking illumi- 
nants other than that of the standard 
Itluminant “‘C,”’ which is taken to have 
the spectral energy distribution of the 
ICI (International Commission on II- 
lumination) Standard. Because of filter 
loss when used over the “taking” light 
source, the indirect method generally 
results in a somewhat higher camera 
sensitivity. 

(2) Using effectively constant camera 
response distributions as previously indi- 
cated in Fig. 2, which are modified only 
in overall gain so that the illuminant or 
nonselective subjects are reproduced 
with equal signals for the three channels. 

An excellent summary of the properties 
of common light sources, presented about 
six years ago by Macbeth and Nickerson,? 
is worthy of review. Since the com- 
patible color system can be adjusted 
to operate with almost any light source 
desired, including natural daylight, by 
the proper combination of filters and 
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dichroics, the advantages for a particular 
spectral characteristic become secondary. 

Another significant conclusion which 
may be drawn from the _ theoretical 
considerations discussed is that light 
sources of different spectral characteris- 
tics cannot be safely intermixed to 
produce uniformly equivalent color 
rendition. A number of tests early in 
the experimental period have borne 
this out. Results obtained when mixing 
tungsten at 3400 K and so-called 3500 K 
white fluorescent lamps (Fig. 6) were 
unpredictable and _ particularly 
favorable when a person moved through 
a set in which the distribution of radiant 
energy from the separate sources was 
unequal. The effects were most pro- 
nounced when a tungsten spotlight was 
used to highlight an area already 
illuminated with fluorescent lamps. 
Similar experiments using mercury and 
coated mercury (Fig. 7) mixed with 
tungsten, proved conclusively that for 
regular operational needs, such combi- 
nations were highly undesirable and 
were to be avoided. 

Fluorescent light by itself theoretically 
could be employed. It could furnish 
an excellent diffuse source to keep the 
brightness contrast range to a minimum 
and of relatively low radiant heat, but 
because of its low brightness, the re- 
quired total illumination on a set de- 
mands the use of many lamps so 
close to the subject material that little 
physical space is available for scenery, 
props, curtains and other accoutrement 
which go to make up a conventional 
TV scene. In addition, the ability to 
control the light beam pattern is prac- 
tically nonexistent and consequently 
accenting restricted areas within a set 
particularly on a_ vertical plane is 
cumbersome and impractical. Other 
objections to fluorescent lamps result 
from the additional accessories required 
(lamp ballasts), the awkward size and 
wiring restrictions, especially for long- 
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length instant start lamps and cold 
cathodes. 

Mercury lamps, while extremely effi- 
cient in terms of their lumen output, 
have one serious drawback which 
eliminates their consideration from 
present operational use, namely, their 
inability to reach their full output 
instantly upon starting or restarting after 
quenching. When switching from one 
scene to the next or where a light may 
be accidentally extinguished, the in- 
ability to be relighted instantly is 
operationally extremely hazardous in 
obtaining the desired picture. 

Bearing in mind the foregoing con- 
siderations, it appeared natural to use 
existing lighting facilities in the first 
stages of development. Although the 
incandescent illumination levels are 
somewhat higher for color than for 
monochrome, the actual intensity (ap- 
proximately 350-400 ft-c at f/4.5) is 
well within the tolerable limits. Cer- 
tainly they are considerably less than 
those required for most color 35mm 
motion-picture film. 

It is important to note that the area 
of highest sensitivity in the image 
orthicon is the blue region of the spec- 
trum. This is a fortunate circumstance 
because when used in a studio with 


SCENE = SMALL-AREA HIGHLIGHT ON DARK BACKGROUND 
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TARGET - MESH 
SPACING * 
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2 a6! 2 46 
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Fig. 4. Transfer characteristic of the 
RCA No. 1854 image-orthicon tube. 
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tungsten illumination, the blue and red 
channels of the studio color camera 
have nearly equal sensitivities. This 
is true because the red light emitted by 
the incandescent source has a very high 
intensity with respect to the blue com- 
ponent and the blue filters normally 
used have rather low transmission. 
The major reasons for favoring tung- 
sten illumination are based on practical 
operating requirements. No other il- 
luminant is simpler to install. Wiring, 


developed to a point where a minimum 
of space, labor and complexity are 
involved. Because of the widespread 
use of tungsten and wide variety of 
fixtures which have been developed, it 
has been relatively simple to provide 
the greatest variation light-beam 
patterns from sharp spotlights to broad, 
diffuse lighting. 

This diversity of equipment has re- 
sulted in greater flexibility and opera- 
tional economy, a factor which cannot 


fluorescence of the phosphor coating. 


long life and low replacement cost 
both in lamps and manhours. 

An interesting and extremely useful 
condition has been observed in studio 
operations. Because of the range of 
wattages of lamps employed — from 
1000-w floods to 3000-w, or sometimes 
5000-w, fresnel spotlights —- a variation 
in color temperature ranging from 
2700 K to 3000 K can be found scattered 
in a random pattern around a set. The 
differences between color temperatures 
are also increased by lamp aging, lenses, 
reflectors, etc., but fortunately the 
effects appear to average out so that no 
serious degradation in color rendition 
or peculiar effects have been observed 
due to these variations. The benefits of 
such latitude to operating conditions are 
obvious. Figure 8 shows the changes 
in spectral-energy distribution for the 
same voltage—but different color tem- 
peratures of tungsten.’ 
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Fig. 6. Spectral distribution curve 3500 K fluorescent lamp. 


Fig. 8. Spectral energy distribution for tungsten at equal 
voltages but different color temperatures. 
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While it is desirable and proper to 
maintain a uniform color temperature 
for tungsten sources throughout the 
studio to obtain consistently satisfactory 
results, the ability to dim incandescent 
lights has found special applications. 
A wide range of spectacular color back- 
drops can be obtained on a neutral gray 
background by proportionately dimming 
each of a cluster of lamps covered with 
primary additive filters until the desired 
overall blend is achieved. In combi- 
nation with beam-pattern control, the 
special effects obtained are _ limited 
only by the imagination and skill of the 
director, 

The mystery of lighting for color 
television has been greatly overrated. 
The principal requirements call for a 
spectrally continuous light source of 
reasonably uniform quality, satisfac- 
torily distributed to keep the luminance 
contrast within prescribed limits, and of 
sufficient quantity to fit the needs of the 
camera-tube sensitivity in combination 
with its filters and dichroics. The 
judgment and skill with which the basic 
principles are applied, together with the 
artistic sense of the director, can result 
in limitless and rewarding opportunities 
to please the viewing audience. 


Special credit is due to O. B. Hanson, 
Chief Engineer and Vice-President of 
NBC and G. M. Nixon, Manager of 
Development, for their 
leadership and encouragement, and to 
the entire staff of RCA and NBC, too 
numerous to mention individually, for 
their collective efforts in making possible 


Engineering 
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those prospects which so many have 
hoped for, for so long. 
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Discussion 


George L. Beers, Session Chairman (Radio Corp. of 
America): There has been quite a bit of confusion 
in discussions of lighting in color television due to 
the fact that the signal specifications are based on 
Illuminant C. I believe it is correct to state that 
in terms of the pickup end of the system, Illumi- 
nant C is not directly involved. The basic re- 
quirement is that regardless of the color tempera- 
ture of the light source used, the system is set up 
so that if a nonselective surface —a_ white 
surface —is illuminated with the particular 
illumination used in the studio, the color sub- 
carrier disappears. Then we can operate at 
whatever color temperature, at the receiving end 
of the system, we desire; but the signal specifica- 
tions are such that optimum results are achieved 
when a color temperature of Illuminant C is 
employed in the reproducing end of the system. 
Is that not correct? 

Mr. Gurin: That is correct. 

Anon: What luminance contrast do you 
attempt to hold in studio lighting? 

Mr Gurin: The luminance contrast is main- 
tained indirectly by controlling the incident 
illumination contrast range to no greater than 2 
to 1 in most cases. 


E. W. D'Arcy: Uf you could synthesize a light 
source that would be most suitable for color tele- 
vision, what would it be like in terms of spectral 
characteristics? 

Mr. Gurin: Well, you can balance the system, 
as it is set up today, for almost any light source 
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you wish to use. As a matter of fact, it’s almost a 
matter of practical requirements rather than 
anything the system requires. The RCA system 
will handle almost anything — daylight, mer- 
cury, tungsten, anything you wish to use. There 
is no optimum light source spectrally, if the one 
used has a continuum. You could use daylight 
if you wish, so that you can balance for it and 
come up with the end result which will meet the 
NTSC requirements. Perhaps the ideal might 
be expressed as a light source that would provide 
sufficient illumination with little or no heat, and 
spectrally continuous. 


Richard Blount (General Electric): 1 think I'd like 
to object to one statement that you just made. 
I doubt very much whether you'd like to use 
mercury. I do not think you will have color re- 
production where there is no energy reflected. 
Isn’t that right? 

Mr. Gurin: That’s correct, but a coated mer- 
cury could be used. 


Mr, D’ Arcy: Is there any edge on daylight as a 
light source over Mazda? 

Mr. Gurin: The advantage of daylight primar- 
ily rests on the fact that it’s free and plentifui 
usually. From a spectra) point of view, there’s 
no particular preference for it. One of the dis- 
advantages, of course, is the noncontrollable 
nature of natural daylight with respect to in- 
tensity and color temperature and that makes 
operating a little awkward. 


George H. Gill (Kliegl Bros.): What range of 
color temperature is it possible to operate without 
having to make camera adjustments? You say 
that the color television system can operate under 
almost any type light, but what range is workable 
without having to stop and make adjustments? 

Mr. Gurin: In our operating experience, we 
have found that we can safely accommodate 
variations of about 300 K in variation of the 
tungsten light sources in the studio without re- 
balancing provided they are randomly dis- 
tributed and are not discrete changes. In other 
words, you wouldn’t have most of the set illumi- 
nated with a number of 3000 K flood lamps and 
one 5-kw spot of 3400 K. But if the average 
color temperature is maintained for which the 
camera was originally balanced the individual 
variation of 300 K between lamps appears to be 
handled quite safely. 


_ 


Underwater Color Cinematography 


The major difficulties of subject lighting under water, selective absorption and 
selective scattering, are overcome by using an equipment with an artificial light 
source set at the shortest possible distance from the subject. This paper describes 
such an equipment and discusses the engineering considerations of pressure and 
corrosion resistance, balancing, hydrostatics, streamlining, etc., that influenced its 
design. It considers optical problems in connection with absorption and scattering 
between subject and camera, and special underwater complementary lenses. 
Both daylight picture taking and artificial lighting are dealt with. The torpedo, 
its principle, light source, power supply, controls, propulsion and engineering are 
shown. Experiences and results described are based on 120 dives under water. 


Lighting Problems 

Daylight penetrates sea water to a 
very great depth, at least in transparent 
tropical water such as the Mediter- 
ranean. Dr. William Beebe found re- 
maining daylight at 1600 ft. Daylight 
is sufficient for fairly good lighting and 
contrast in black-and-white motion pic- 
tures even at 200 ft, a depth which is 
accessible to the modern Aqualung diver. 
The light intensity at this depth averages 
250 ft-c and is sufficient for motion 
pictures taken at 24 frames/sec with a 
diaphragm of f/2 or even f/2.8. Henri 
Broussard showed that perfect results 
could be obtained in taking underwater 
black-and-white pictures at 1/50 sec, 
or even 1/100 sec, and developing with 
the new Kodak Microdol Developer. 
The fact that the sensitivity peak of 
standard black-and-white emulsion falls 
in the blue is very fortunate for black- 
and-white underwater cinematography. 

In color, however, it is completely 
different. At a depth of only 2 to 6 ft, 
everything is tinged blue-green. At 10 
to 15 ft, the selective absorption of sea 
water is so strong that practically only 
blue and green are visible, the red and 
orange having disappeared completely. 
Satisfactory registration of red or red- 
containing colors, such as human skin, 
is possible only within 20 in. from the 
surface. Furthermore, all the better- 
lighted shallows are completely covered 
with green algae. The most interesting 
subjects, such as fish and coral, are 
generally fairly deep and inside dark 
caves where it is impossible to expose 
even black-and-white film. 

Modern color multilayer films feature 
an intermediate yellow filter layer in- 
tended for compensation of the naturally 
excessive sensitivity of silver emulsions 
to blue. The result is that the sensitivity 
of color film is much weaker on the sea 
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bottom than in normal out-of-the-water 
daylight lighting. Reasonably good pic- 
tures cannot be had at more than 3 to 
5 ft from the surface without color- 
correction filters. Of course, filters can 
be used only where red, orange and 
yellow have not completely disappeared 
from the incident light. Very often, 
however, in depths even from 3 to 6 ft, 
these colors have disappeared in such a 
way that any efficient correction filter 
would completely block all available 
lighting, and be of no use whatsoever. 
Besides, the addition of any filter calls 
for a larger lens opening and decreases 
the depth of field. It must be remem- 
bered that it is difficult to focus under 
water because the cameraman and the 
subject are constantly moving, relative 
to each other. Depths greater than 66 
ft are more interesting than the shallower 
part of the sea bottom where green plants 
are thriving. Caves too dark for corals 
are very beautiful in color at any depth. 
It is thus absolutely necessary to use 
artificial lighting for successful color 
motion pictures under water. 


Fig. 1. The motion-picture torpedo. 
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By DIMITRI REBIKOFF 


As early as 1894, Louis Boutan main- 
tained that underwater artificial lighting 
was necessary for good underwater 
photography. In 1899 (in night work at 
165 ft) he used underwater arc lamps 
which would have been excellent light 
sources for motion pictures. In 1927, 
an American, Williamson, used artificial 
light for submarine cinematography, in a 
filming of Jules Verne’s 20,000 Leagues 
Under the Sea. His equipment was 
notably bulky and costly. It resembled 
a spherical chamber, not unlike a diving 
bell, with an open bottom to balance 
pressure, and very large windows. The 
cameraman with his camera was able to 
move inside this structure, and even took 
with him his wife and child. Incandes- 
cent lamps were used. One lamp was 
suspended in a special bulb in front of the 
window giving a light that was rather 
similar to sunlight at less than 6 ft. The 
very large window and the flexible com- 
munication tube between chamber and 
special bulb could not withstand much 
pressure, so that the maximum depth 
was about 30 ft. 

Commander LePrieur, the great 
pioneer of Aqualung skin diving, first 
use a Cine Kodak Special 16mm camera 
in a watertight case of his own construc- 
tion. The camera’ controlled 
through pieces of rubber hose. This 
construction was completely watertight 
and, in addition, very economical. In 
1931, Commander LePrieur made the 
very first 16mm Kodachrome under- 
water motion picture with this camera, 
using daylight. This film interested 


The camera in its watertight case is securely 


fastened to the torpedo at such an angle that the lamp stays just outside the camera 
view. At the rear of the torpedo is the propeller and at the front end is the lamp with 
an anodized reflector. 
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Fig. 2. 


It is possible to separate the 
camera and the lighting torpedo with a 
long, watertight cable. 
taken at 35 m or 115 ft. 
camera and torpedo are in perfect bal- 
ance, only the cable being slightly heavy. 


This picture was 
The camerman, 


many other pioneers in the field of 
diving. 

In 1937, Dr. Hans Hass used a Zeiss 
Ikon Movikon 16mm camera in a water- 
tight case of his own design during a 
skin diving expedition in the Caribbean. 
Although his equipment was incredibly 
primitive, his film contained many 
beautiful “‘firsts” in this field, expecially 
fascinating shots of tropical fish and 
dangerous sharks. Hass at that time 
did not know of the French Aqualung 
and dove only with a mask and swim- 
ming fins, or used an American warm- 
water helmet with hand pump on the 
surface. As he worked only in very 
shallow water around tropical reefs, he 
had no lighting problem. 

In 1945, Captain Jacques-Yves 
Cousteau, using only daylight, made 
some beautiful black-and-white show 
films, some scenes of which were taken 
at more than 200 ft: Then, in 1948, he 
used a powerful but cumbersome in- 


candescent lamp under water, very 
similar to the one used by Williamson. 
For the first time on Agfacolor, he was 
able to capture the wonderful red and 
orange colors of the sea bottom at great 
depths. The lamp, powered with a 
cable from the surface, could not match 
the convenience of the self-contained 
diving gear. The diver was so ham- 
pered with the cable that he found him- 
self in the same situation as the conven- 
tional diver with an air hose, and could 
not move freely in water. A _ perfectly 
self-contained light source, independent 
as the Aqualung itself, would have been 
an advantage. 

In 1951, Captain Cousteau tried 
magnesium torches that could burn 
under water. The torches were made in 
Paris by Ruggieri, a fireworks expert. 
A gas bubble filled with smoke sur- 
rounded the flame, so that the efficiency 
of the torches was very poor. They 
were, of course, rather dangerous. 
Beautiful pictures were obtained, but 
this light source could not be used for 
scientific or industrial work. Clearly 
only an electric underwater lamp could 
really solve the underwater lighting 
problem. 


Engineering Problems 

The camera and lighting system should 
be built for depths of at least 200 ft, 
which is easily reached with the modern 
Aqualung. This means a working pres- 
sure of 100 psi, and a test pressure of 
200 to 300 psi, for an adequate margin of 
safety. Rectangular watertight cases 
with flat sides cannot resist such pres- 
sures without becoming too heavy for a 
self-contained diver, who has to be 
perfectly balanced in sea water. Plastic 
cases are especially fragile and cannot 
be used at a depth greater than 10 to 15 
ft. Such cases are suitable only for 
surface swimmers. A seemingly satis- 
factory solution is the so-called “‘breath- 
ing’ case introduced by Captain 
Cousteau. This is a rectangular case 
which need not be strong enough to re- 
sist the pressure, as it is used with a small 
Aqualung made on the same principle 
as a diver’s. The system, however, has 
proven costly, impractical and unsafe. A 
faulty exhaust valve caused by corrosion, 
or mere opening of the valve of the com- 
pressed air bottle before diving, can 
completely destroy the case and camera. 
The writer prefers the Aquaflex water- 
tight case, which is pressure-resistant 
even when used without the system. It 
has the added advantage of the “‘breath- 
ing’ system too, thus giving double 
safety under water. 

Exhaustive independent tests made by 
Fenimore Johnson and ourselves have 
shown that the self-sealing principle, 
which is used for boilers and submarine 
hatches, is very practical and affords 
absolute safety. In effect, the lid is 
applied on thg case with a force which is 


proportional to pressure and depth. It is 
important not to have pressure inside 
the self-sealing case. 

The story of my first dive with a self- 
sealing case may be of interest in this 
connection. The case was a modified 
pressure cooker, the lid being held by a 
crossbar with a pressure screw. At the 
end of a 150-ft dive near Cannes, the 
air in my Aqualung became exhausted 
before that of my diving teammates. 
I gave the torpedo with the Verascope 
Forty Stereoscopic camera to Henri 
Broussard, showing him where to press 
to release. Then swimming upwards 
fast, I had just enough time to see by his 
actions that he understood me. I was 
out of the water and resting on the boat 
deck when I saw, with surprise, a third 
diver, J. P. Charvos, coming up holding 
the crossbar. Fortunately, there was no 
reason to fear a catastrophe. The lid 
was strongly pressed against the case by 
water pressure and some minutes later 
when Broussard came up with the tor- 
pedo, we found not one drop of water in 
the case. 

Simple and sturdy, the self-sealing 
system proved perfectly safe at any 
depth. This system is the only one used 
at very great depths and is employed by 
Beebe’s Bathysphere and _Piccard’s 
Bathyscaphe. Very accurate machining 
with a precision lathe is, however, re- 
quired for any self-sealing case. After 
many years of research, we designed a 
standard case made of corrosion-proof 
anodized aluminum alloy which guar- 
antees perfect protection for expensive 
cameras and lighting gear. Since most 
deep-sea dives have to be made out in 
the open sea under all weather condi- 
tions, a watertight case must not only 
resist pressure, but must also be able to 
accept shocks against ships’ hulls and 
rocks. 

Sea water is one of the most corrosive 
solutions in nature. It is a direct at- 
tacker of metal and also causes gal- 
vanic corrosion. Two different metals, 
one light and one heavy, become a 
galvanic cell in which the negative 
electrode or cathode (in our case alumi- 
num) is quickly destroyed by electrolysis. 
It is therefore necessary to select metals 
that do not react to cause galvanic 
corrosion when used together. In the 
present case it is especially difficult 
because it is impossible to use copper 
alloys, nickel alloys and stainless steels 
as they are too heavy to achieve any 
balance and, of course, are quite ex- 
pensive. 

Experience has proven that the manu- 
facture of a good watertight case is ex- 
ceptionally difficult; and especially so 
if corrosion and pressure-resistance are 
to be combined with lightness for hydro- 
static balance. 

Hydrostatic balance under water 
(which means equality between weight 
of water displaced by any underwater 
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assembly and the weight of this same 
assembly) is very delicate and difficult 
to achieve. The reason is that an under- 
water casing made even in an alumi- 
num alloy casting tends to be too 
heavy. This is a difficult problem, well 
known in submarine construction, and 
can be solved only by casting in a 
cylindrical or spherical shape. In this 
way, not only is there good pressure 
resistance, but the external volume can 
be critically controlled in order to obtain 
the desired hydrostatic balance of the 
casing with the camera inside. This 
balance is so sensitive that the weight of 
the film reel to be used inside the camera 
has to be considered. 

It may appear that any camera can 
be used for underwater motion pictures, 
but actually this is not the case. The 
size and weight of the camera are im- 
portant factors in determining the size 
and weight of the underwater watertight 
case. Cameras with insufficient motor 
run have to be avoided, as it is necessary 
to take long-duration shots while in 
motion. The surrounding atmosphere 
is so different and so interesting that the 
spectator needs some time to understand 
and appreciate the strange beauty of 
underwater scenes. Experience shows 
that the only useful motor in underwater 
cameras is electric, which facilitates 
watertight release controls. Tall cam- 
eras with one reel upon the other are 
not practical because they need very 
bulky and heavy watertight cases. Not 
only is a big case too heavy to be handled 
safely outside of the water, but it is often 
so bulky that it becomes a hindrance to 
the swimmer while diving. 

You have to dive yourself to realize the 
considerable hydrodynamic drag of water 
which is about 800 times heavier than 
air. Even a relatively small case with 
flat surface (and especially a rectangular 
one) is an impediment to the under- 
water cameraman. This is especially 
inconvenient at greater diving depths 
because the diver’s air consumption 
becomes very great, and may, in fact, 
exceed the amount the Aqualung can 
supply, leading to a very dangerous air 
shortage. The swimmer, hampered by 
a bulky watertight case, cannot follow 
his fellow divers in any exploration 
where easy and fast swimming is an 
absolute necessity for safety and effi- 
ciency. So hampered, he is unable to 
follow a fish that a good skin diver, 
without camera, is able to outswim, nor 
can he follow interesting species of small 
fish which swim with quick and unpre- 
dictable motions. For all these reasons 
the diver’s speed must be increased by 
proper streamlining of his equipment. 


Streamlining 


For the reasons mentioned, we have 
used lighting units in the form of a 
torpedo as far back as 1950. This solu- 
tion has been found most satisfactory 


Fig. 3. This picture, from a scene for Coral Palace, was taken in a hole where a large 
octopus was hidden. The small diameter of the torpedo enables the diver to poke the 
whole assembly into tight spaces which are always teeming with fish. This was taken 
at a depth of 150 ft, as shown on the depth gauge strapped to the wrist of the diver (in 
this case, the author). These small spaces or holes reveal remarkable hues of yellow 
and bright red and are crammed with beautiful fish and other creatures of the sea. 
For this still picture, the camerman did not use the motor and steadied the torpedo 


with the left hand. 


and is extensively used in the Submarine 
Research Institute. For 8mm _ film, 
almost any existing small camera can be 
used, but all available lenses are usually 
too long in focal length. The wide- 
angle lens found suitable for this purpose 
was the Berthiot Hyper-Cinor. For 
16mm film, the following types of 
cameras were found convenient: all 
cameras using the 50-ft Kodak magazine 
such as Cine Kodak Magazine; the 
Bell & Howell Type 200, without turret; 
and the war surplus Lektro. The biggest 
drawback of a 50-ft magazine is its very 
short run. At least a 100-ft roll is 
necessary. For this purpose, only two 
cameras were found suitable. The Cine 
Kodak Special is one, but it has many 
expensive refinements not needed in an 
underwater camera, such as the lens 
turret and direct ground-glass viewer. 
The new French Beaulieu camera has 
been found to be very practical and 
economical. We have replaced the 
regular spring motor of the Beaulieu 
with a 3 -hp 24-v electric motor 
which has enabled us to make a perfectly 
watertight case, without any troublesome 
winding and release controls. In the 
fixed-focus system (described in the fol- 
lowing paragraphs) and with the fixed- 
diaphragm made possible by the 
torpedo, the newest camera case has 
no mechanical controls whatever. It 
starts and runs automatically when the 
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torpedo light is switched on, as the 
motor is simply wired in parallel with 
the torpedo lamp. With this small and 
inexpensive camera, we were able in two 
summers to make more than 120 100-ft 
reels in as many dives. We never had 
any trouble during a dive. Its total 
weight, complete with case, is only 7 lb, 
its diameter 136 mm and its length only 
300 mm. 


Special Underwater Optics 


Experience has proven it impossible to 
use normal-focus lenses, especially tele- 
photo lenses, in underwater photog- 
raphy. This is the main reason why 
a lens turret is not needed. A lens used 
under water must have the shortest possi- 
ble focus for the three following reasons: 

1. It Is Practically Impossible To Set 
Range of Lens Under Water, Even if the 
camera case is provided with watertight 
controls, the cameraman as well as the 
subject are in motion, relative to each 
other, in three dimensions. It is often 
impossible even to use a viewer for fram- 
ing. For this reason, the depth of field 
must be as great as possible. The only 
way to achieve a large depth of field is to 
use the shortest possible focal-length lens. 
It is not feasible to reduce the diaphragm 
opening as this would require a more 
powerful light source. 

2. Field Angle Must Be as Great as 
Possible. The cameraman has to work 
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in a completely different medium. 
Practice shows that it is absolutely 
necessary to frame a part of the ocean 
bottom together with the diver (with the 
air bubbles above him) in order to ex- 
plain the real position of the diver to the 
Spectator. 

3. And Yet It Is Necessary to Come as 
Close as Possible to the Subject. It is 
essential to have the smallest possible 
water thickness between the subject and 
the camera. Even very transparent water 
may distort the light to the degree that 
a difference of 2 ft makes all the differ- 
ence between a good and a bad under- 
water picture. Besides this light scatter- 
ing, light absorption also makes it 
necessary to come as close as possible to 
the subject to get a good picture. Usual 
distances are less than 10 ft for a black- 
and-white take, and less than 4 to 5 ft 
for a color take. 

Even when using the shortest possible 
lens focus (18.5 mm for 35mm film; 


Fig. 4. 


This shot was taken at a depth of 100 ft in and around the ruins of a ship 


9.5 or 12.5 mm for 16mm film), we find 
that it is impossible to achieve sharp 
images outside the center of the picture 
when using a flat window. Besides, the 
flat window makes the focus a third 
longer, which means 12.5 mm instead of 
9.5, 17 mm instead of 12.5, and 25 mm 
instead of 18.5. This is the reason why 
it is absolutely impossible to get good 
pictures with normal lenses such as 25- 
mm for 16mm film, which then becomes 
33 mm owing to water refraction. The 
only practical way to solve this problem 
is through the use of an additional 
correcting lens as computed by pro- 
fessors Ivanoff, Legrand and Cuvier of 
the French Museum of Natural History, 
Laboratory of Physics. This corrective 
lens has proven itself as important as 
artificial light in getting good underwater 
or black-and-white and especially color 
motion pictures. Our first experimental 


film shown in New York at the joint 
SMPTE and SPE of 


session of the 


that was sunk during World War II in Golfe-Juan Bay. The author is traveling verti- 
cally, coming out of the engine room through an open hatch. He is pulled slowly up- 
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ward by the torpedo motor, thus avoiding any swaying due to swimming motions. 


November 17, 1953, had been made, for 
the most part, without this correcting 
lens and through a flat window. The 
field was so narrow that very often the 
divers had hands, feet and even heads 
cropped off. Even in very clear water, 
it is empossible to get a really good shot 
farther than 6 to 10 ft from the camera. 
Daylight 

As mentioned at the begiwning, day- 
light can be used only in depths of 3 to 6 
ft. Color cinematography by daylight 
is a matter for surface swimmers without 
Aqualung. With the proper filters, 
daylight may be suitable for scenes near 
the surface of the water — such as spear 
hunters, shark fighters or conventional 
swimmers. Without artificial lighting, 
the eyes and faces of the swimmers wear- 
ing masks are not visible. It is only 
when working with tropical reefs very 
near the surface that an under water 
cameraman, such as Dr. Hans Hass, 
could get any really good results. The 
North Atlantic and even the Mediter- 
ranean are very dull waters near the 
surface, having no coral reefs. In such 
places artificial lighting is necessary, 
but backlighting effects with daylight give 
the most beautiful underwater effects. 
At depths of 3 to 6 ft we come into the 
exclusive domain of artificial lighting. 
Artificial Light 

For full-color cinematography at any 
depths, at any time, in any place (espec- 
ially in the most interesting places such as 
inside wrecks and caves where fish are to 
be found), the only possible approach is 
with artificial light. The old, arc-lamp 
technique of Louis Boutan, described ear- 
lier, would even today be one of the best, 
except that the watertight lamp cases are 
quite bulky, and power supply cables 
from a boat are impractical. Incandes- 
cent lamps such as used by Williamson 
and Captain Cousteau are objectionable 
for exactly the same reasons. With 
powerful lamps, there is a large voltage 
drop which affects the color temperature. 
Incandescent lamps with maximum color 
temperatures of 3400 K emit light which is 
very rich in red and very poor in blue. 
This is the case, too, with magnesium 
flashbulbs which have a color tempera- 
ture of 3800 K. As sea water transmits 
only blue and green which have very 
little absorption of great distances, the 
reach of an incandescent lamp is limited 
under water. Arc lamps are much 
better. It is impossible, in practice, to 
have a full-color reproduction of the sea 
floor at a greater distance than 3 ft with 
a 600-w incandescent lamp (which is 
standard in our smallest motion-picture 
torpedoes). The diver must have a com- 
pletely self-contained assembly with 
powerful lamps and camera. 

The first years of our research have 
led to our electronic photographic 
torpedo. This is an electronic flash 
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unit with puncture-proof metallized 
paper condensers and high-voltage, dry- 
cell batteries, without vibrator, which 
allows one flash per second with an out- 
put of 200 w-sec. The basic principle is 
the same as that of the Ikotron electronic 
flash made by Zeiss Ikon in Germany. 
The most important characteristic of 
the photographic torpedo is that both 
ends are utilized to the best advantage. 
That is, the lamp and the reflector are 
at one end, and the camera is fastened 
at the other, so that the lamp at the front, 
just outside of the subject frame, is 
trained on the subject in such a way that 
the subject is lighted with an angle of 
45° between reflector axis and camera 
optical axis. The camera is mounted at 
the rear end of the torpedo at a specific 
angle in order to keep the torpedo out 
of camera range. 


The Motion-Picture Torpedo 


Principles: An electronic light source 
flashing at 16 or 24 times/sec was not 
pratical, as it would have required ex- 
pensive and heavy high-voltage batteries 
and it presented many other technical 
difficulties. After several years of re- 
search we decided on two alternate light 
sources. For low-powered inexpensive 
items, we used special 600-w, 24-v 
incandescent lamps with our special 
patented watertight case. For maxi- 
mum output, we used (experimentally) 
a special xenon arc lamp in a high-pres- 
sure quartz tube which worked directly 
in water, thus providing efficient cooling. 
This xenon arc lamp is not a flashtube. 
Its color temperature is about 6000 K. 
Both types of lamps operated at 24 v. 
However, the ignition voltage of the 
special xenon tube is over 25.000 v, 
which means a most difficult insulation 
problem. A_ special anodized alumi- 
num reflector guarantees good distri- 
bution of light on the subject. No light 
may stray back to the lens as it will 
only be scattered by the water between 
subject and lens. It is absolutely neces- 
sary to have the lamp at the front end of 
the torpedo in order to have it as near 
as possible to the subject. It is also 
essential to have the shortest possible 
distance between lens and subject. 

Power Supply: The power supply is a 
Yardney high-capacity silver and zinc 
Silvercel battery. This battery, which 
is also used for starting jet engines and 
powering naval-type torpedoes, has two 
revolutionary characteristics. First, its 
capacity for a given weight is sex times 
the capacity of a good lead battery. 
Secondly, the voltage does not show any 
measurable variation during the entire 
discharge cycle. This means that light 
intensity, color temperature and camera 
speed will remain constant during opera- 
tion. This is one of the reasons why a 
diaphragm control is not necessary. 
The diaphragm can be fixed at f/2.8 in 
clear water and {/2 in moderately turbid 


water (with a visibility of more than 10 
ft). The high capacity of a Silvercel 
battery which can be housed in a small 
torpedo allows 7 min of light with a 600- 
w lamp. As a 100-ft roll runs through 
in less than 3 min (at 24 frames), the 
capacity is quite enough for one reel 
with plenty of current to spare for 
propelling the motor. The high initial 
cost of this battery is more than offset by 
these two features. 

In our medium-size torpedo Type 
(2), we use a 20 amp-hr Silvercel battery 
which feeds two 600-w lamps during 13 
min. ‘This is enough for at least three 
reels, which means three dives without 
recharging. It is necessary to control 
the discharge of the battery through 
a built-in watertight voltmeter. Dis- 


charge must be stopped below a preset 

level to avoid reversing some elements. 
Controls: The battery is connected to 

the lamp with a relay operated by a 


op 


special watertight switch. This system 
has been proven safe in three years of use 
It must be completely reliable since a 
short, under water, can mean the com- 
plete destruction of practically every- 
thing inside the torpedo. For this 
reason, brass bars in the best available 
water-proof insulation are used instead 
of conventional wiring. 

Inderwater Propulsion: We have al- 
ready said that the diver is often ham- 
pered by his camera. If an unpropelled 
equipment is used, the diver is slowed 
down, even if the assembly is perfectly 
streamlined. However, the torpedo is 
electrically driven. The electric motor 
is } hp, and turns a_ three-bladed 
propeller, with the result that camera- 
men can move at more than double the 
normal speed of a diver without equip- 
ment. If the cameraman knows how to 
swim with the torpedo, he can steer it 
quite easily under water. This is not 


Fig. 5. This scene was taken in Coral Palace at a depth of about 160 ft. This vertical 
coral wall is blue-black under daylight, but the concentrated light beam brings out the 
natural gorgeous reds and yellows, only part of which the camera is able to capture. 
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Fig. 6. Camera showing 24-v electric 
motor, Ivanoff underwater lens and 
watertight fittings connecting motor to 
torpedo battery. Constant light intens- 
ity makes diaphragm setting unneces- 
sary. Range focusing is not required be- 
cause the combination of wide-angle lens 
and underwater correeting lens provides 
for a depth of focus of from 1 to 20 ft. 


only very comfortable, but it enhances 
safety. To ascend from the greatest 
depths, it is enough to train the torpedo 
upwards, that is, in the same direction 
taken by the air bubbles and simply let 
the motor go. 

Divers who are lucky enough to have 
a ‘torpedo use it even without the 
camera. It allows them, for example, 
to outswim fish or to get to the surface in 
a very short time — less than 1 min from 
a 150-ft depth, for instance. The motor, 
also, is very important in allowing the 
cameraman to make a new take at an 
opposite angle to the first one. For 
this, the cameraman has to swim very 
fast around his subject and this may be 
quite dangerous if he is not helped by the 
powerful electric motor. The motion 
picture torpedo has now proven itself, in 
practice, a wonderful new and indispensable 
submarine exploration tool which multiplies 
the action radius of the diver and gives him an 
exceptional safety margin. 


Engineering 

The Rebikoff motion-picture torpedo 
is designed and computed with the same 
accuracy as a naval-type submarine. 
The balance is so perfect under water 
that its weight is fixed at about 1 0z, so 
that if you let it go it will sink very 
slowly to the bottom where it is easier to 
retrieve than on the wind- and current- 
tossed surface. Like the camera case, the 
torpedo is made of hard corrosion-proof 
anodized aluminum alloy to combine 
good pressure resistance, the necessary 
lightness and perfect balance. The test 
depth is 400 ft which gives working 
safety to 200 ft, the maximum practical 
depth to which a self-contained diver 
can descend. If he lets go of the tor- 
pedo at any depth, it simply sinks while 
remaining horizontal, so that it remains 
ready for picture taking at any time. 

The motion-picture torpedo has a 
double handle like a submachine gun. 
The rear grip contains the light and 
camera switch, and the forward grip 
contains the motor switch, so that it is 
possible to use the motor and the light 
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with caméra together or independently. 
Power consumption of the motor is 
only 450 w, which is less than the 600 to 
2400 w taken by the lamp. Thus, 
there is plenty of current left for the 
motor after the film is taken. The 
camera is fastened permanently to the 
torpedo at the most favorable and pre- 
viously computed angle, which depends 
on the type of lens used (especially if it 
is a flat window or if it is equipped with 
a special correction lens). The syn- 
chronization of the electric camera is 
made in the simplest way with a water- 
tight cable between torpedo and camera. 
When the cameraman activates the 
lamp switch, the camera runs; when the 
lamp is switched off, the camera stops. 
The bigger torpedoes are provided with 
a second pilot light of 50 w which is very 
practical for preparing a take without 
excessive current consumption. 

First Results 

Exactly as with the electronic flash 
torpedo for still photography, the motion- 
picture torpedo introduces a new basic 
principle for underwater color picture 
taking. The lamps are held at the 
optimum angle for best results according 
to the characteristic absorption and 
scattering of light in the water medium. 
The powerful lamp and its reflector at 
the front, and the camera at the rear, are 
built together with the torpedo into 
one very sturdy assembly. The very 
first prototype made according to this 
principle enabled us to record colors 
accurately in experimental depths of 
150 ft. Despite the fact that we had 
never made a film before, even as a 
hobby, we were able to take 35 reels of 
16mm Kodachrome in one month with- 
out one camera or torpedo breakdown. 
We had to stop these operations because 
after years of concentrated research and 
prototype construction we became physi- 
cally exhausted by the daily dives of 100 
and 200 ft down. 

The first unmounted reel won the 
Scientific Film Award at Cannes in 
1952. This feature, only 20 min in 
length, is now titled Coral Palace, en- 


Fig. 8. Complete camera in water- 
tight case. Note correcting lens (com- 
puted by professors Ivanoff, Legrand 
and Cuvier) for adjusting distortions due 
to optical properties of sea water. 


Fig. 7. Torpedo from rear, showing 
three-bladed propeller. When propeller 
is not in use, the unit is almost balanced 
and can be handled easily by the rear 
pistol grip. 


larged in 35mm Gevacolor and about to 
be released. It shows, for the first time, 
the true colors of the sea bottom with 
their unbelievably bright reds, oranges, 
yellows and purples. When shooting 
this film, we discovered that colors be- 
come increasingly gorgeous when diving 
deeper. This applies to dark caves as 
well. It is difficult to understand this, 
since the colors that are uncovered by 
the light beam of the torpedo cannot be 
seen by normal daylight. The sea 
bottom under daylight is only dark blue 
and black, very much like a moonlit 
landscape. When the diver presses the 
switch of the torpedo, he discovers 
(especially if he is at a depth greater 
than 100 ft) unbelievable scenes in places 
which, only a moment before, were only 
dark holes. Perhaps the most beautiful 
revelation that can be made today is to 
hold the torpedo at arm’s length, poke it 
as if it were a pistol into a sinister-looking 
black hole, press the switch and then 
behold a view that could only happen in 
a dream. You might see a man-sized 
grouper eying you with wide-open eyes 
not moving and surrounded by sparkling 
jewel corals; bright sponges, lobsters 
and coral fish, and maybe a timid octopus 
all lighted up by a man-made sun in 
indescribable colors. 

During the summer of 1953 we were 
able to build two more powerful tor- 
pedoes and to make a new short feature, 
the original take amounting to 85 reels, 
taken in as many dives all around the 
Mediterranean, at depths ranging from 
50 to 200 ft. 

Each new dive is a completely new 
disclosure of underwater colors and 
spectacles, and it is just the beginning! 
We were able in four years of diving to 
see and register on film a surface amount- 
ing to less than one millionth of the Bay 
of Cannes, the whole Bay of Cannes being 
only a ridiculously small part of the 
Mediterranean, the Mediterranean itself 
being very small indeed compared to the 
other oceans. Recording on color film 
the unknown wonders of the deep is a 
major task. Now, at last, it appears 
possible for cinematography to prepare 
or begin the conquest by man of the sea 
bottom around the world. 
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Latensification of Multilayer 
Color Film 


New color films of the negative-positive type have hastened the general trend 


from black-and-white to color in the motion-picture industry. 


In order to over- 


come low emulsion speed of these stocks which limits their use under certain 


location conditions, an attempt has been made to increase speed. 


In this paper a 


method of raising the speed of Eastman Negative Color 5248 from ASA 24 to ASA 80 
without objectionable loss of contrast or color shift is described. 


O.: OF the continual problems in the 
documentary cameraman’s life is the 
constant battle for more light for color 
shooting. With an ASA rating of 16-25 
for most commercial color films, a very 
high level of illumination is required. 
In the studio this may be of little con- 
sequence, but when the location is in 
some inaccessible place like a coal mine 
or large factory it is often impossible to 
secure adequate power to provide suffi- 
cient illumination. It is obvious also 
that the cost of providing the necessary 
light adds a considerable amount to the 
production budget. 

In recent years the motion-picture in- 
dustry has accepted the use of latensifica- 
tion of black-and-white films for shooting 
in large, poorly lighted areas, or where 
extreme depth o: field may be required 
with low light levels. The process for 
black-and-white latensification consists 
of passing the exposed film through a 
machine on which it receives a further 
very low level filtered-light exposure of 
long duration (20 to 30 min). The film 
is then processed approximately 50% 
longer than average to produce a nega- 
tive of normal contrast. Extra develop- 
ment is necessary because, by its very 
nature, the latensification process affects 
the densities on the toe of the character- 
istic curve much more than those on the 
shoulder. As a result, if the latensified 
film received normal processing after 
treatment, the resultant film would have 
very low contrast. To avoid this, ex- 
tended development is necessary. 

At the time the National Film Board 
built its latensification unit a few years 
ago, the suggestion was made that there 
be developed a similar process for color 
film. Preliminary tests on reversal color 
films, then in use, indicated that the 
maximum effect to be expected was an 
increase of } to ? stop. 

When the demand for color shooting 
increased using the negative-positive 
films, this project was revived. After a 
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good deal of careful consideration, it was 
decided to use three separate filtered- 
light sources for the ‘“re-exposure.” 
Each filter was selected so that the light 
passed by it would affect only one layer 
of the film. The transmission peaks of 
these filters were chosen to match closely 
the sensitivity peaks of the color emul- 
sions generally in use. 

Working on the basis of trial and error 
and using hand processing, it was found 
that color latensification was possible. 
It was found also that, due to density 
differences of the filter packs, the output 
of each light source had to be controlled 
to provide neutral balance of the finished 
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product. With this information at hand, 
the black-and-white latensification ma- 
chine was fitted with three new light 
sources, each controlled by means of 
individual variable auto-transformers 
(Fig. 1). The areas of the filters were 
cut in such a manner that equal settings 
on all three lights would produce a 
reasonably balanced fogging the 
exposed negative. 

In the initial stages of the investigation 
some attempt was made to use gamma 
strips for control purposes. These were 
latensified and from density measure- 
ments attempts were made to adjust 
lights as required. It was found that this 
method was not too satisfactory due to 
a number of variables, some of which are 
peculiar to our own plant. These were: 
(1) no reliable color densitometer avail- 
able; (2) a very unsatisfactory method 
of making single-layer exposures for 
sensitometric test strips involving multi- 
ple exposure in our 2B sensitometer. 

It was decided that for our purposes 


Fig. 1. The control panel for the latensification machine showing: (1) the three variable 
autotransformers for the red, green and blue lights respectively; (2) the variable 
autotransformers for the black-and-white light source; and (3) the meter used to check 


lamp voltages. 
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Fig. 2. The latensification machine, showing the position of the lights and of the 
reflecting boards. 


the easiest test would be to shoot a 
simple scene consisting of gray scale and 
a color patch. This scene was shot first 
using the recommended rating of the 
manufacturer and the negative processed 
normally. Then exposure was 
made, deliberately under-exposing the 
film by two full stops. This film was 
put through the latensification process 
and arbitrarily developed 50° longer 
than normal. These two negatives were 
then printed on regular print stock using 
the filter pack required to obtain the 
best print from the normal negative. 
The normal and latensified scenes were 
then compared in the resultant prints and 
if a color change was apparent the process 
was repeated using a slightly different 
color balance on_ the _latensification 
machine. ‘This process was repeated un- 
til the resultant prints matched visually. 

For best results it was found that the 
base-plus-fog level of the latensified film 
should be 0.10-0.20 greater than the 
base-plus-fog level of the normal nega- 
tive when measured on a standard white- 
light densitometer (diffuse density). 
This established the general level of the 
illumination required. The actual color 
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balance was achieved as stated above 
by varying the voltages of the lights 
behind the filters. The details of filters, 
lights, etc., are given in the Appendix. 
When a new batch of film arrives and 
it has been decided that latensification 
will be used, a hand test is run immedi- 
ately. The normal and _latensified 
scenes are compared and, if necessary, 
the light settings are adjusted. Before 
any production shooting is done a 
further test is made and sent to our proc- 
essing laboratory. Generally there is 
little difference between a hand process- 
ing test and a laboratory test. By this it 
is not meant that the hand normal nega- 
tive is the same as the laboratory normal 
negative, but rather that the difference 
between the hand normal and _ the 
hand latensified test is about the same 
as the laboratory normal and _ the 
laboratory latensified. At the labora- 
tory, the latensified film, clearly marked 
“For Special Processing,’ gets 50% 
longer development than the regular 
film. These negatives are then spliced 
together and printed on the same light 
and the same filter pack. Sometimes 
the latensified negative must be printed 
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on a higher light because of the slight 
overall fog but it is preferable to have a 
slightly heavy negative for close match- 
ing. 

The finished latensified negative, when 
correctly processed and exposed, will 
intercut with regular negative requiring 
only minor scene-to-scene corrections. 

The first actual use of this process at our 
plant occurred last autumn when it was 
necessary to shoot sequences of action in 
a coal mine in color. Here the ad- 
vantages of color latensification became 
apparent because: (1) power would be 
difficult to obtain; (2) transportation of 
lighting equipment would be expensive; 
(3) plenty of light would be needed on a 
very dark subject. 

At that time the process was still in the 
hand testing stage: no screenable footage 
was available and no batch variations 
had been attempted. Tests were started 
immediately on the new batch. Since 
the first hand test looked promising, a 
test was made and shipped for processing. 
When the test returned, the camera 
crew was already on location. The 
screening proved that the latensification 
was successful. There was a_ slight 
change in color balance from the normal 
to the latensified but the variation was 
readily correctable. 

Word was passed along to the camera- 
man to expose the color film for latensifi- 
cation using the ASA rating of 80, and to 
make sure that all film so exposed be re- 
turned carefully labeled “‘For Latensifi- 
cation.” These were the only instruc- 
tions he received. Some of the scenes 
were taken with a 70 ft-c reading. 
When the unit returned to our labora- 
tory, the latensification process was 
mentioned to our stills man who said, 
“So that’s what was going on! I was 
shooting Super XX 1/25 at 3.5 and 
couldn’t see how they could be shooting 
color.” 

The process has been used also by our 
staff for reducing contrast by latensifica- 
tion and then processing normally. 
Another use would be in background 
projection sets where at present consider- 
able difficulty is presented by the nec- 
essity of obtaining projected images of 
very high brightness in order to match 
foreground lighting at low film speeds. 

It has been our experience to date that 
while each batch of film requires minor 
adjustment to achieve proper balance 
large-scale changes are necessary 
either in level or in balance from batch 
to batch. This cannot be said to hold, 
however, for changes from one type of 
stock to another. Here we have found 
quite considerable variations to exist. 
We have found the process causes a slight 
desaturation of color and a small increase 
in grain size but these defects are not too 
serious in comparison to the advantage 
gained. 

The film examples shown at the con- 
clusion of the paper included scenes from 
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recent films using this process and some 
experimental work shot during the 
making of a normal black-and-white 
picture on an Ottawa location. 

The author wishes to express his ap- 
preciation to those at the National Film 
Board who assisted on this project. 
Special thanks are due to G. G. Graham 
and C. R. Moxley. 


Appendix 


Footlamberts 
of bare bulb 
when voltage 
Wattage set for an 
Filters used - Of bulb average stock 
Blue: Wratten 
No. 2B + 
No. 47 350 
Green: Wratten 
No. 61 + 
No. 16 10 600 
Red: Wratten 
No. 70 0.6 10 340 


The filters were mounted in Kodak 
“2-way” safelights which in turn were 
mounted over the longitudinal axis of 
the machine as shown in Fig. 2. This 
was done in order that the light would 
reflect off the panels on either side of the 
machine onto the film. 

The footlambert readings were deter- 
mined by means of a Spectra Brightness 
Spot Meter with filter selector at 
“Open.” Exposure time was 20 to 30 
min, 


Discussion 


J. 1. Crabtree (Eastman Kodak Co.): How do you 
get uniform travel of the film during an exposure? 

Mr. Carey: The machine we've built holds 
about 500 ft of film. We use the open-rack method 
similar to that used in a developing machine. In 
fact, it is one large developing machine rack and 
the lights are reflected off a pair of panels 
mounted one on each side of the machine. We 
feel that the illumination is even enough, be- 


cause each piece of the film passes through the 
same path, 

Mr. Crabtree: In black-and-white work, have 
you tried adding hydrazine sulfate to the de- 
veloper instead of depending on re-exposure? 

Mr. Carey: We didn’t try that because we at 
present are using only a single-negative de- 
veloper, and in that we have to process our nega- 
tives for 16, our negatives for 35 and also our 
master positives and dupe negatives, we cannot 
use a chemical method. 

Mr. Crabtree: Are you using pre- or post-expo- 
sure? 

Mr. Carey: This is a post-exposure method. We 
did try pre-exposure but had no success with it. 

C. R. Daily (Paramount Pictures Corp.): To add a 
point: The post-exposure method of latensifica- 
tion was perfected for black-and-white film in 
1946-1947 at Paramount and was extensively 
used on many pictures. This method produced a 
greater speed increase, a better control of the H 
and D curve and was more practical and reliable 
than pre-exposure and other methods then 
known. At that same time, considerable work was 
also done on the latensification of reversal-type 
color films and it was found that each color layer 
could be separately controlled both in speed and 
curve shape. This control property on color film 
was used by another organization to treat large 
quantities of reversal-print film where it was de- 
sired to correct one color layer for better printing 
characteristics. Since Paramount was using the 
three-strip process at that time for color work, 
the tests on multilayer film were not put into 
production use. We are interested to see that the 
latensification of color films is being rejuvenated 
since there is a real need for large speed increases 
on shots such as were shown here, where it may 
be either too difficult, too expensive, or impos- 
sible to obtain adequate illumination for normal- 
speed film. 

Jean St. Thomas (Photogrammetry, Inc.): What 
is the rate of speed of the film at the latensifying 
light source? 

Mr. Carey; Our machine is so arranged that the 
film is exposed for 20 to 25 min to the three lights 
and the rate of travel is about 20 fpm. 

Mr, St. Thomas: Is there no way of achieving 
compensation by intensifying the light source and 
accelerating the film speed at the same time? 
More feet per minute at a higher level of illumina- 
tion? 

Mr. Carey: No. That is one of the pecularities 
of this business. It’s similar to the time basis. 
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You can get an increase by using a slightly higher 
level of illumination and running it through 
faster, but you get the best effect by using a very 
low-level light and then running it a little longer 

Dr. Daily: Our experience at Paramount is 
limited with regard to the influence of the time of 
post-exposure for the current types of color 
emulsions. However, in 1946, we fully investi- 
gated the effects on black-and-white emulsions 
for post-exposure times from 1/50 sec to 24 h, 
using graded intensities of the post-exposure light 
to produce values from either no added fog to 
intensities that would add up to 0.20 in fog 
density. Post-exposure times of 8 to 10 min were 
found most desirable where the same H and D 
curve shape was retained as for normal develop- 
ment including the toe, straight line and shoulder 
portions. With shorter times of post-exposure 
using higher intensities, less speed increase was 
obtained accompanied by undesirable curve 
shapes. With longer post-exposure times, several 
interesting changes in curve shapes took place 
with only a slight further increase in speed. It 
is important to stress the accurate control of all 
phases of the post-exposure latensification process 
if reliable results are to be obtained. Lack of such 
care probably accounted for the process not being 
adopted after it was first announced by Du Pont 
in 1938 and 1939. The intensity of the postex- 
posure light source should be controlled with a volt- 
age regulator. Accuracies of plus or minus 0.2 v 
were found desirable at 60 v. The time of post- 
exposure is also important, also the time which 
lapses between the exposure in the camera and 
the time of post-exposure, also the time between 
post-exposure and development. With proper pre- 
cautions taken with regard to each variable, one 
should get uniform and predictable results. 

Mr. Carey: We didn’t fully investigate the re- 
versal film, because we were only able to obtain 
about a half or three-quarters of a stop and the 
negative-positive films were rapidly coming into 
use when we started our latensification tests. 

W. R. Holm (E. 1. du Pont de Nemours @& Co.): 
Perhaps I can offer a word about reversal films. 
The color film to which Dr. Daily referred earlier 
was a reversal picture called The Man on the Eiffel 
7ower. This was a case where one of the layers 
was considerably out of balance with the other 
two and by latensifying this film it was possible to 
bring the layers all in balance quite well, and so 
greatly improve the quality. Latensification did 
work very well in the case of this one layer, and 
should work equally well for all layers, at least 
under certain conditions. 
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High-Repetition Rate Stroboscopic 


Light Source 


The open time of a Fastax rotating-prism shutter is 40 ysec at 5000 frames/sec. 
Better action-stopping is achieved with a 1-ysec stroboscopic light. A 5C22 trig- 
gered by Fastax sprocket teeth discharges a 12-kv pulse-forming network into an 
Edgerton lamp 5000 times/sec. An area 3 X 3 ft is adequately illuminated for 
reflection photography with ASA 100 film at f/2.7. 


photography with 
the Fastax camera is ordinarily limited 
to conditions where the image motion 
during } the frame time can be toler- 
ated, At top and bottom of the frame, 
the effective shutter time is approxi- 
mately 4, while at the center of the 
frame the shutter time is more nearly 4 
the frame time. An application involv- 
ing a missile traveling at 400 f/sec was 
anticipated, and at the highest frame 
rate available this would cause undue 
smearing. About 30 frames were de- 
sired at intervals of about 200 usec. 

Development of a stroboscopic lamp 
circuit was undertaken, based on the 
use of a hydrogen thyratron switch, a 
pulse-forming network or capacitor and 
an Edgerton flashtube. The aim was 
for light flashes of 1-ysec duration, re- 
peated 5000 times/sec. An incidental 
effect of such a light source would be 
the elimination of the need for the shutter 
action of the rotating prism, provided 
the ambient light level in the region of 
interest could be kept low enough to 
avoid fogging. 

Figure 1 shows the arrangement of 
circuits, with some of the waveforms. 
Synchronizing signals are derived from a 
variable reluctance pickup mounted in 
the Fastax, monitoring the passing of 
each tooth of the sprocket. These syn- 
chronizing signals are amplified and 
used to set off a Schmitt trigger circuit. 
For frame rates less than 5000/sec, 
each pulse from the Schmitt circuit 
triggers a blocking oscillator, and a 
6BG6 cathode follower turns on the 
5C22 hydrogen thyratron (see Fig. 2). 
The 5C22 dumps the charge of a pulse- 
forming network into an Edgerton flash- 
lamp. Ignition of the lamp with little 
time jitter is secured by adequately over- 
volting. Recharging of the pulse-form- 
ing network is by a resonant choke and 
diode, and the pulse voltage is nearly 
twice that of the d-c supply.' 

For testing the operation of the cir- 
cuits prior to use with the Fastax camera 


Presented on May 6, 1954, at the Society’s 
Convention at Washington, D.C., by C. C. 
Rockwood, who read the paper, and W. P. 
Harvey, Chicago Midway Laboratories, 6040 
S. Greenwood Ave., Chicago 37. 

(This paper was received on April 1, 1954.) 
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or for visual stroboscopic observation of 
repetitive phenomena, a trigger ampli- 
fier receives a continuous sinusoidal wave 
from an external timing oscillator. A 
multivibrator generates a gate that, on 
command, allows a given burst of trig- 
ger signals to reach the Schmitt circuit. 
The purpose of this gate circuit is to 
restrict the maximum number of pulses 
in a given time, since continuous opera- 
tion at the maximum repetition rate 
would cause serious overheating of the 
flashlamp. 

Detailed Circuit Description: The vari- 
able reluctance pickup, the external 
timing oscillator, the gate generator, 
Schmitt trigger and scale-of-two fre- 
quency divider circuits are all conven- 
tional and will not be described here. 
Waveforms in these circuits are shown 
in Fig. 3. 

Power Supply: To relieve the filtering 
problem, a three-phase full-wave circuit 
was selected. The requirement of the 
charging network is 1.3 j/pulse at 5000 
pulses/sec, at a level of 12 kv. At the 
power supply, when resonant charging is 
used, this becomes 6 kv at 1.1 amp. 
To achieve adequate filtering from a 
full-wave supply would require an im- 
practical weight of filter iron and filter 
capacitors, whereas the ripple factor 
from the three-phase full-wave supply 


is only 4.2% with no filter. 
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When resistor charging is used, the 
current requirement remains unchanged, 
but there no longer is doubling of the 
d-c power-supply voltage by momen- 
tary storage in the choke. The full- 
storage voltage of 12 kv must be main- 
tained by the power supply. To re- 
duce ripple, a 0.25 uf filter capacitor was 
added, and the 360-cycle component be- 
came negligible. 

Time Base: Timing marks are placed 
on the film margin by a pulsed NE-2 
not shown in the schematic diagrams. 
Each mark is about 10-usec duration, 
and the repetition rate is selectable, at 
500, 1000 and 2000/sec. A 3-mm glass 
sphere images the annular ring of light 
from the hot electrode of the NE-2, 
viewed end-on, onto the film, in the 
border of the frame, not ordinarily con- 
taining subject material of interest. A 
similar NE-2 and bead lens is contained 
within the same mounting and is used 
for recording the occurrence of related 
events on the same film. 

Reduced-Voltage Starting of Fastax Motors: 
Circuits for starting the Fastax at a re- 
duced voltage, and later increasing to 
the value corresponding to the desired 
frame rate, utilize a one-shot multi- 
vibrator and a simple RC integrator for 
measuring time. ‘This integrator is not 
adjustable, but is designed to provide 
70 usec reduced voltage start, followed 
by application of the full voltage selected 
by the Variac. 

Impedance Matching: At the outset it 
was not known whether the flashlamp 
would break down fast enough to permit 
the use of a 1-usec pulse-forming net- 
work. Also, the low impedance of the 
lamp when ignited suggests that to ob- 
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Fig. 1. Block diagram, stroboscopic light circuit. 
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Fig. 3. Waveforms, stroboscopic 
light circuit. 


PARALLEL 


1S -€4-. -400-80P 
$.92-5245-"623 

SER. NO.0570 


SPRAGUE EL.EC.CO. 


tain maximum energy transfer, some 
impedance matching device might be 
required, since the impedance of the 
networks available was 50 ohms. How- 
ever, the reduced voltage available in 
the output of a matching transformer was 
not high enough to secure ignition of the 
flashlamp. A load impedance _ less 
than that of the pulse-forming network 
helps hold the thyratron plate at a low 
level immediately after the initial dis- 
charge, and thyratron recovery is aided. 
Hence no matching transformer was 
used in the final circuit. 

Flashlamp: Early experiments with the 
FT-417 showed that excessively high 
potentials were necessary to secure fast 
breakdown. In fact, sparks could be ie 
made to leap to the external metal : 
clamps in preference to the helical 
interior path. Examination of the elec- 
trode structure verifies that this tube is 
particularly unsuited to the type of 
operation required here, where a sudden 
application of potential between the 
: main electrodes is expected to break the 
wwf tube down. Later work using the FT- 
214 and the FT-220 (same, but with re- 
flector) showed that reliable light flashes 
, ry! would be obtained at pulse voltages of 

<2 10 kv. The FT-417 has large, flat 
electrode surfaces, while the FT-220 
2 has much smaller electrodes, and it is 
3 much easier to establish electrostatic 
H: fields strong enough to cause ionization. 
2 
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Figure 4 shows the FT-220, the equip- 
ment rack and Fastax camera. 

Bias and Driver for Hydrogen Thyratron: 
The recovery of the thyratron is im- 
> proved by providing a negative bias to 
the thyratron grid, from a low impedance 
source of about 200 v. Higher voltages 
tend to cause continuous ionization. To 
secure fast ionization of the tube the 
driving signal should swing the grid to 
about plus 200 v in less than a micro- 
second. A_ blocking oscillator gener- 
ates the driving signal, and a 6BG6 ar- 
ranged as a cathode follower trans- 
forms the impedance to the low value 
Fig. 2. Schematic diagram, stroboscopic light circuit. required in the 5C22 grid. 

Maximum Repetition Rate: There is no 
apparent limitation on repetition rate 
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Fig. 4. Equipment rack, flashtube 
and Fastax camera. 


due to the flashtube itself, except that 
due to overheating of the gas-filled 
helix. Substantially higher repetition 
rates than those used here are possible, 
provided that either cooling means are 
provided or operation is in the form of 
bursts, with time for cooling allowed. 
When the number of flashes in a burst 
is held to a value such that heating is 
no longer a consideration, the maximum 
repetition rate will be set by the de- 
ionization time of the thyratron. For 
the loading used here, that is, 1.3 j, 
the maximum repetition rate is about 
10,000/sec. Repetition rates as high as 
20,000 are possible, provided the joule 
loading is reduced in proportion.' 
Experimental Results: Figure 5 shows 12 
consecutive frames of 16 mm film ex- 
posed in a Fastax at 4000 frames/sec. 
There is steady lighting, and on every 


' Unpublished Chicago Midway Laboratories 
report by Y. Kakugawa 
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Fig. 5. Motion shot of 400-ft/sec projectile; alternate frames 
strobe-lighted; frame rate 4000. 


alternate frame, stroboscopic lighting 
from the unit herein described. The 
incandescent lighting was supplied by 
four General Electric 750-R_ photospots, 
about 4 ft above the center of the frame. 
The stroboscopic light was below at 
about the same distance from the center 
interest. It can be seen from the figure 
that alternate frames show better detail, 
due to better action stopping of the 
stroboscopic lamp. 
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Discussion 


N. W. Rodelius (Armour Research Foundation, 
Iilinois Institute of Technology, Chicago): Have you 
gone beyond 5000 frames/sec? 

Mr. Rockwood: Not with this loading. To go to 
higher frame rates one must use a smaller energy 
content per pulse. 


Harry L. Parker (American Speedlight Corp.): In 
regard to this matter of loading, what is your 
duration of burst? 

Mr. Rockwood: We run 100 ft of film in the 
Fastax, about 5 sec. 

Ed Noel (General Electric Co.) : The FT-220 has a 
very broad coverage and optically it’s not very 
efficient for many of the research applications. 
In many cases where you do not want the very 
broad beam that the FT-220 gives, you can use a 
separate reflector of proper contour with the FT- 
210 or FT-214 and either very greatly reduce 
your electrical input or, with the same electrical 
input, increase your photographic effectiveness. 

Mr. Rockwood; With the FT-220 with its beam 
or cone of 45°, we had just enough light for our 
3-ft coverage. It was just a fortunate circum- 
stance. 

W. O. Johnson (E. I. du Pont de Nemours & Co.): 
Do you get that for background lighting, that is, 
shadowgraph-type lighting or direct frontal 
illumination? 

Mr. Rockwood: This is reflection photography, 
yes. 

A. Earl Quinn (Eastman Kodak Co.): Could you 
tell us the duration for a frame of this flash? 

Mr. Rockwood: The pulse-forming network is a 
1-usec network. The light is not more than 1-ysec 
in duration. 
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News and Reports 


SMPTE 76th Convention 
October 18-22 — Los Angeles 


The announcement of the general program 
and sessions will be sent to members in the 
latter half of August, about a week after 
this Journal is mailed. 

Any information about a subject or paper 
which should be on the program should be 
telephoned at once to Program Chairman 
Ralph E. Lovell, National Broadcasting 
Co., Hollywood. Color — in television, 
cinematography and exhibition — is the 
special theme of this convention. 

Plans for equipment exhibits are in the 
hands of Thomas J. Gibbons, 446 North La 
Brea Ave., Hollywood 36. 

The Ambassador is the headquarters 
hotel. Reservations may be made _ by 
direct communication to: Ambassador 
Hotel, 3400 Wilshire Blvd., Los Angeles 5 
(mention the Society and the 76th Conven- 
tion). Also reservations may be made by 
writing, wiring or calling: 

In New York, 455 Park Ave., MUrray 
Hill 8-0110 

In Chicago, 333 N. Michigan Ave., 
ANdover 3-6222 

In San Francisco, 210 Post St., GArfield 
1-6217 

In Dallas, 3906 Lemmon Ave., LOgan 
5050 

In Washington, D.C., Leonard Hicks, 
Jr., The Barr Bldg., EXecutive 3-6481 

In Toronto, 392 Bay St. 


The Ambassador’s rate schedule per day, 
all rooms with bath, is: 


Main Building 


Single room, $9.00, 11.00, 13.00, 15.00, 
17.00. 

Double room (twin beds), $12.00, 14.00, 
16.00, 18.00, 20.00. 

Two rooms, bath between (three persons), 
$17.00, 19.00, 21.00, 27.00. 

Parlor, Bedroom (one person), $25.00, 
27.00, 31.00, 33.00. 

Parlor, Bedroom (two persons), $28.00, 
30.00, 34.00, 36.00. 


Garden Studios 


Room (one person), $15.00, 17.00, 19.00, 
21.00. 

Room, twin beds (two persons), $18.00, 
20.00, 22.00, 24.00. 

Room, private sun deck or terrace (one 
person ), $19.00, 23.00; (occupied by two 
persons ), $22.00, $26.00. 

Large living room, large bedroom (one 
person ), $35.00; with private sun deck, 
$45.00. 

Large living room, large bedroom (two 
persons), $38.00; with private sun deck 
$48.00. 


Section Meetings 


The Pacific Coast Section’s regular 
monthly meeting was held on June 17th in 
the El Capitan Theatre, Hollywood. In- 
cluding the members of the American 
Society of Cinematographers who were in- 
vited in a body and other guests, the total 
attendance was 625 which is a record for a 
Pacific Coast Section meeting. 
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The program was a symposium broadly 
covering the problems connected with 
motion-picture films for television. ‘The 
meeting opened with a delayed telecast of 
the Dinah Shore show and the Camel 
Caravan newsreel. Jack Webb then dis- 
cussed the production of the Dragnet show 
and the show’s director of photography, 
Edward Coleman, described the photo- 
graphing of this very popular show. 

Next, three Hollywood members of the 
American Society of Cinematographers 
discussed the photographing and lighting 
of the television films which they photo- 
graph. In each case, selections from the 
shows were displayed: Norwood Brodeen 
for the Loretta Young show; Hal Mohr, 
the Joan Davis show; and Walter Strenge, 
Waterfront and My Little Marjie. 

Cameron Pierce of ABC-TV then de- 
livered a very informative paper on the 
problems of projecting and transmitting 
television films. The paper was illustrated 
with slides showing the effect of lighting, 
picture composition and contrast, process- 
ing and other factors on the quality of the 
received picture. 

The meeting was then opened for ques- 
tions from the audience with the above 
speakers and the following persons asso- 
ciated with television films forming the 
panel of experts: Oscar Wick of NBC; Gil 
Wyland of CBS; Sid Solow, Consolidated 
Film Industries; Harlan Baumbach, Gen- 
eral Film Laboratories; and Allan Haines, 
Pathe Laboratories of California. 

Jack DuVall, Program Chairman of the 
Pacific Coast Section, is to be congratulated 
for his courage in attacking such an exten- 
sive subject on one evening, and for his 
excellent job of organizing and carrying 
out the program. A special vote of appre- 
ciation is extended by the Section to Ralph 
Lovell, member of our Pacific Coast Board 
of Managers and supervisor of Kinescope 
Recording at NBC, Hollywood, for his very 
significant contribution to the interest and 
showmanship of the program. Ralph 
organized and directed the use of NBC’s 
35mm film projection, direct-viewing tele- 
vision monitor and large screen projection 
providing facilities for the various demon- 
stration material shown throughout the 
program. The selections from television 
film programs were simultaneously dis- 
p!ayed on all three media. Still slides re- 
lating to displays were shown on both types 
of monitor systems. 

The Society also wishes to thank Mr. 
Tom Sarnoff of NBC for the hospitality ex- 
tended to the Society in placing the Fl 
Capitan Theatre and the NBC-TV viewing 
facilities at our disposal for the program.— 
E. W. Templin, Secretary-Treasurer, Pacific 
Coast Section, ™% Westrex Corp., 6601 
Romaine St., Hollywood 38. 


The Atlantic Coast Section Board of 
Managers held their regular monthly 
meeting at the Eastman Kodak offices, 
342 Madison Ave., New York, on June 3. 
Everett Miller reported to the Board on 
the meeting of the Board of Governors 
held during the Washington Convention. 
Among pertinent topics reported and dis- 
cussed were proposals for an administra- 


tive code for Boards of Managers of local 
sections. 

The main business of the meeting con- 
cerned the nominations for officers and 


. board members for the next calendar year. 


A nominating committee was appointed to 
consist of the following members: Everett 
Miller, J. Paul Weiss, George Lewin, 
Frank E. Cahill, Jr., William G. Offen- 
hauser, Robert E. Shelby and William B. 
Lodge. 

At the program meeting of the Section 
held in the evening following the Board of 
Managers Meeting, there were present 41 
members and 6 guests. A paper on “Im- 
proved Techniques for Television Record- 
ing With Ultraviolet Photography’’ by 
John Brumbaugh and R. O. Drew, both of 
RCA, Camden, was presented by Mr. 
Drew. A tabulation was also made of 
comments concerning items of interest for 
the programs. Heading this list was 
Television Recording, followed by Sound 
Recording, Cinematography and Color 
Films.—C. W. Seager, Manager, Atlantic 
Coast Section, c/o Ansco, 405 Lexington 
Ave., New York 17. 


Review of Proceedings of the 
Department of Defense 
Symposium on Magnetic 
Recording 


On October 12-13, 1953, in Washington, 
D.C., a Symposium on Magnetic Record- 
ing was held under the auspices of the De- 
partment of Defense. ‘The purpose was to 
provide a common meeting ground for 
technical personnel of both industry and 
the Department of Defense for presenta- 
tion of papers and discussion on the general 
subject of research and development in the 
field of magnetic recording. While the 
emphasis was always upon military needs, 
most of the subjects discussed were also of 
interest to manufacturers and users of 
recording equipment and media in motion 
picture and television fields. 

The Proceedings of this symposium have 
been released in a mimeographed report, 
dated March 1, 1954, by the Department 
of the Navy, Bureau of Ships, which was 
responsible for the organization of the 
meetings. 

Two of the papers presented were spon- 
sored by the SMPTE. These were papers #7 
and #12 in the complete list given below. 
Dr. Frayne’s paper reviewed much material 
which has already been published in the 
Journal, but also added some discussion of 
magnetic striping and electrical printing 
of multi-magnetic tracks for cinemascope 
release prints. Mr, D’Arcy’s paper pre- 
sented the various recording and reproduc- 
ing characteristics which have been pro- 
posed and discussed at various meetings 
of the SMPTE Subcommittee on a Stand- 
ard Reproduce Characteristic for 16 mm 
Magnetic Projectors. 

Paper #1 by Youngquist and Wetzel of 
Minnesota Mining & Manufacturing Co. 
on ‘‘Ferrite-core magnetic heads’ is sub- 
stantially the same paper presented pre- 
viously at the 74th Convention of the SM- 
PTE. It should be of particular interest 
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at this time since its publication in the 
SMPTE Journal has been temporarily 
withheld, pending completion of the re- 
search work. 

Papers #2 and #3 deal with a special 
Electron Beam Magnetic Reproducing 
Head which eliminates the low-frequency 
loss inherently present in conventional mag- 
netic heads, and which makes it possible to 
reproduce low frequencies down to d-c 
without equalization. 

Papers #4 and #5 deal with a magneto- 
static reproducing head which at present is 
of interest principally for instrumentation 
work. 

Paper #6 describes research work on the 
development of transistor amplifier circuits 
for use in playback equipment. 

Paper #8 deals with every detail of the 
design of the tape transport system, from 
the feed reel to the fully wound take-up 
reel, including flutter, head contact, and 
fast forward and re-wind problems. 

Paper #9 discusses the factors involved 
in recording machine performance with 
respect to flutter, constancy, and amplitude 
uniformity, as dictated by tape coatings, 
backings and reel design. 

Papers #10 and #11 are of special interest 
to the field of data recording. 

Papers #12 through #18 inclusive, all 
deal in detail with the general problems of 
standardization of frequency characteris- 
tics, methods of producing standard ref- 
erence tapes, and using such tapes in the 
evaluation of commercial tapes and record- 
ers. 

Following is a Table of Contents of the 
Proceedings: 

#1. “Ferrite-core heads for magnetic 
recording” by R. J. Youngquist and W. 
W. Wetzel 

#2. “A vacuum tube for an electron- 
beam magnetic reproducing head” by 
L. E. Loveridge 

#3. “Core structures for the electron- 
beam magnetic reproducing head’ by 
J. W. Gratian 

#4. “A magnetostatic reading head” by 
S. M. Rubens and A. B. Bergh 

#5. “Performance characteristics of mag- 
netostatic reproducing equipment” by 
W. R. Boenning 

#6 “Playback of magnetic recordings 
through transistor amplifiers’ by C. E. 
Williams 

#7. “Components and mechanical con- 
siderations for magnetic sound on 35mm 
film’? by John G. Frayne 

#8. “*Basic mechanical considerations for 
tape transport systems” by O. C. Bixler 

#9. “Mechanical factors governing tape 
coatings, backings, and reel design’ by 
J. E. Johnston 

#10. ““Magnetic recorders for data re- 
cording under adverse environments” by 
G. L. Davies 

#11. “Improved performance of mag- 
netic recording system for precision data” 
by Walter T. Selsted 

#12. “Present status of a 16mm stand- 
ardized reproduction characteristic’? by 
E. W. D'Arcy 

#13. ‘Magnetic tape testing on a compar- 
ison basis’’ by Walter H. Erikson 

#14. “Characteristics of recent commer- 
cial }-inch magnetic tapes — effects of 
trends on Navy tape standardization” by 
F. Comerci, S. Wilpon and R. Schwartz 

#15. “Some notes on problems encoun- 
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tered in the use of the standard reference 
tape”’ by Frank Radocy 

#16. “A standard magnetic tape record- 
ing for standardizing the characteristics of 
Navy recorder-reproducers”’ by F. Comerci, 
S. Wilpon and R. Schwartz 

#17. ‘‘Equalization of magnetic tape re- 
corders and general recorder performance 
tests’ by Frank G. Lennert 

#18. “Methods of measuring surface in- 
duction of magnetic tape”’ by J. D. Bick 

Copies of the Proceedings are being made 
available to Government and _ industry 
groups who are actively engaged in research 
and development, manufacturing, or direct 
application of magnetic recording tech- 
niques to Department of Defense prob- 
lems and applications. 

Inquiries for copies, with some informa- 
ion on the ‘“‘need to know” should be 
directed to: ASTIA Document Service 
Center, Knott Bldg., Dayton 2, Ohio.— 
George Lewin. 


Biographical Note 


John George Capstaff has retired after 
more than 40 years of service in the Kodak 
Research Laboratories. Mr. Capstaff, 
head of the Special Photographic Depart- 
ment of the Laboratories, is an outstanding 
pioneer in photography, a noted inventor, 
an able experimenter, a meticulous in- 
structor of neophyte photographers, and 
a well-known technical counselor to the 
motion-picture industry. He has received 
numerous awards in recognition of his 
many outstanding contributions to photo- 
graphic technology and practice. 

In a manner of speaking, Mr. Capstaff 
joined the Kodak Research Laboratories 
before they were organized. As a young 
man in England and in his spare time from 
his portrait studio, he experimented with 
photography, inventing several modifica- 
tions of the photographic process. In 1912, 
learning from friends that Dr. C. E. K. 
Mees had been asked by Mr. George East- 
man to organize a research laboratory for 
the Eastman Kodak Co., Mr. Capstaff 
applied for a position. He was engaged by 
Dr. Mees to work at Wratten and Wain- 
wright to learn the technique of making 
color filters to prepare him to come to 
Rochester to take charge of the production 


of filters and the experimental work related 
to them. 

Mr. Capstaff had not been long in 
Rochester before he began experimental 
work in several fields of photography. By 
1914 he was working on processes of color 
photography, and a two-color portrait 
process was worked out by him and 
exhibited at the World’s Fair in San 
Francisco in 1915. It was called the 
Kodachrome process but is related in name 
only to the Kodachrome process and mate- 
rials currently in use. The process was also 
adapted to motion-picture photography 
by printing the two color images in register 
onto opposite sides of double-coated film 
by means of an optical printer. 

Mr. Capstaff’s outstanding contribution 
to photography is his invention of a prac- 
tical method of making motion pictures for 
home use. Before 1914, much work had 
been done in this field by others and while 
the design of apparatus had progressed 
satisfactorily, the usual method in photog- 
raphy of making prints from negatives was, 
for the amateur motion-picture enthusiast, 
both expensive and complex. In 1914, 
Mr. Capstaff applied the reversal process to 
amateur motion pictures and became con- 
vinced that this method would be successful 
commercially where other methods had 
failed. He felt that the reversal process, 
which eliminates the need of additional 
film for the positive print and the printing 
operation, would reduce greatly the ex- 
cessive cost of pictures for the motion-pic- 
ture amateur. Then by making easy-to- 
use, low-cost equipment, a method would 
be available to do for the potential motion- 
picture amateur what roll film and the 
snapshot camera had done for the amateur 
still photographer. 

The reversal process paved the way for 
inexpensive home movies, but with the film 
available at that time provided only limited 
camera exposure latitude, and the quality 
of the pictures was adversely affected by the 
unevenness in the emulsion coating. These 
difficulties were overcome by Mr. Capstaff 
by the use of a controlled second exposure 
which partly compensated for the effects 
produced by variations in emulsion thick- 
ness and, by partially correcting for im- 
proper camera exposures, effectively in- 
creased the exposure latitude. This im- 
proved reversal process gave much better 
results than could be obtained without the 
control of the second exposure and led to 
commercial success. The process was an- 
nounced in January 1923, and the film and 
apparatus were introduced in June of that 
same year. 

Mr. Capstaff continued his experiments, 
and many improvements in the equipment 
used for exposing, processing, and project- 
ing the film were devised by him. In 1932, 
“Cine 8” film and apparatus were intro- 
duced, the film being processed in the same 
manner as the 16mm film. 

In 1925, he began work on a three-color 
additive process of color photography which 
had been developed in principle by French 
inventors, the rights having been secured 
by the Eastman Kodak Co. in that year for 
application in the 16mm Cine Kodak pro- 
gram. This process, in which lenticulated 
film is used, the lenticules forming images of 
filters fitted in the lens, was introduced 
commercially in 1928. Research work on 
a 35mm lenticular process was carried on 
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Westrex Corporation 


announces for the Stereophonic Era 


The WESTREX STANDARD Multi-Channel 
and Single Channel Sound Systems 


Westrex offers a complete line of newly de- 
signed theatre sound systems for multi-channel 
magnetic (such as CinemaScope ), multi-chan- 
nel photographic (such as Perspecta Sound), 


FOR THEATRES OUTSIDE U.S.A. 


and single channel reproduction (standard 
photographic). When installed and serviced 
by Westrex engineers, these systems assure the 
finest performance at the lowest overall cost. 


AND CANADA AND FOR STUDIOS EVERYWHERE 


The Westrex R9 Stereo- 
phonic Reproducer ( Mag- 
netic) and R6 Photo- 
graphic Reproducer. 


R9 Stereophonic Reproducer (Mag- 
netic) features the Academy Award 
winning hydro flutter suppressor, a 
tight film loop, and double flywheels. 


This Integrator is required for Per- 
specta Sound multi-channel repro- 
duction from a standard photogra- 
phic sound track on which have been 
superimposed control frequencies. 


R6 Photographic Reproducer assures the 


best reproduction from variable area 
and density prints. Special noiseless 
timing belts that neither slip nor 
stretch are featured for the first time. 


Westrex Standard Amplifier Cabinets provide up 
to four channels for magnetic or photo- 
graphic reproduction. 


Westrex Standard L8 Stage Loudspeaker 
Assembly features the Western Electric 
713B High-Frequency Speaker. 


T501A Loudspeaker Assembly features 
the new Acoustic Lens for the fin- 
est performance in larger theatres. 


Research, Distribution and Service for the Motion Picture Industry 
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subsequently in collaboration with motion- 
picture production companies. 

During Mr. Capstaff’s early work on the 
Kodachrome process he discovered that the 
addition of a yellow dye to the emulsion 
provided a useful method of controlling the 
depth of the exposure and also had the 
effect of increasing the resolving power of 
the emulsion, thus greatly extending the 
latitude and lowering the maximum con- 
trast. From this and other innovations, 
he devised special films which have con- 
tributed greatly to the technical excellence 
of modern motion pictures in black-and- 
white and in color, notably films for the 
production of duplicate negatives. 

In 1927, he established the formula of a 
developer especially suitable for the pro- 
duction of fine-grained images on negative 


film. This formula, D-76, met with ready 
acceptance and is used very widely by 
amateur and professional photographers 
for all classes of work. 

No account of Mr. Capstaff’s work would 
be complete without some mention of the 
training which he has given through the 
years to his associates and assistants. 
Many men in the organization of the East- 
man Kodak Co. are proud to acknowledge 
with gratitude their obligation to him. 
This feeling is also shared by many motion- 
picture engineers throughout the industry, 
many of whom have been helped by his 
wide knowledge and ready invention. 

For his key inventions which are the basis 
of amateur movies, Mr. Capstaff received 
the Modern Pioneers Award of the National 
Association of Manufacturers in 1940. He 


Hunt Chemicals for both 
color and black and white motion picture processing 
conform to the photographic specifications 
of the American Standards Association. 


FOR RESEARCH ASSISTANCE WRITE TO: 
THOMAS T. HILL, Director Photographic Research 


FOR TECHNICAL SERVICE WRITE TO: 
CHARLES F. LO BALBO, Motion Picture Technical Advisor 


Established 1909 


PHILIP A. HUNT COMPANY 


Manufacturing Chemists 


PALISADES PARK, N. J. 


Brooklyn, N. Y. + Cambridge, Mass. * Chicago, Ill. 
Cleveland, Ohio + Dallas, Tex. » Los Angeles, Calif. 
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was awarded an honorary fellowship in the 
Royal Photographic Society in 1944 and 
received its Progress Medal in 1946. In 
1950, the Photographic Society of America 
awarded him an honorary fellowship. The 
design of a processing machine incorporat- 
ing several new principles brought him an 
honorary mention from the Academy of 
Motion Picture Arts and Sciences in 1943. 
The Society of Motion Picture and Tele- 
vision Engineers awarded him its Progress 
Medal in 1944. 

Mr. Capstaff has published a number of 
papers on his work in photography (most 
recently, “‘An experimental 35mm multi- 
layer stripping negative film,”’ in the April 
1950 Journal) and has been granted over 
75 patents. His work has been fruitful, 
and the high technical excellence of motion 
pictures today owes much to his pioneering 
efforts.—R. G. Tarkington. 


New Products 


Further information about these items can be 
obtained direct from the addresses given. As in 
the case of technical papers, the Society is not 
responsible for manufacturers’ statements, and 
publication of these items does not constitute 
endorsement of the products. 


An automatic fade attachment for use 
with Models D and J Bell & Howell Con- 
tinuous Contact Printers is being made by 
the Motion Picture Printing Equipment 
Co., Skokie, Ill. In the fade attachment, 
the shutter blades are driven by a mechani- 
cal clutch which is connected to a variable- 
speed transmission whereby the fade 
lengths can be varied. Fades of from 10 to 
100 frames can be obtained. The mechan- 
ical clutch is operated with a breaker box, 
which operates from a standard film notch 
placed in the negative on the soundtrack 
side of the negative. The attachment is 
provided with an indicator light unit which 
indicates when the shutter blades are 
opened and when closed. ‘Two 4-w, 120-v 
lamps are mounted in this housing and are 
operated by a microswitch inside the fade 
attachment. For Model J the attach- 
ment costs $695.00 f.o.b. the plant; and 
for Model D, $745.00. 


A slide rule calculator for estimating the 
relationship between running time, footage 
and cost of 16mm and 35mm films will be 
sent by Sidney P. Solow, Resident Man- 
ager, Consolidated Film Industries, 959 
Seward St., Hollywood 38, to any Society 
member who sends him a self-addressed 
9-in. envelope bearing 6¢ postage. Given 
the unit price per foot of film and either 
the running time in minutes or the footage, 
the total cost and either the footage or the 
running time are shown. 


rgest exclusive manufacturers 
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70MM-1A 
400 Frames Per Second Intermittently 


Aperture Size .218 x 2.25 inches—80 ft. film capacity 
Built in timing light system (Camera above has optional 25 Light Timer) 
Rigid construction makes camera ideally suited for Aircraft use. 


OTHER CAMERAS AVAILABLE 
All cameras listed below are equipped with registration pins 


70MN-1B 70MN-5B 
FRAME SIZE: .218 x 2.218 inches : 
FRAME SIZE: 1.156 x 2.25 inches 
MAXIMUM FRAME RATE: 400 frames per sec. = MAXIMUM FRAME RATE: 80 frames per sec. 
FILM LOAD: 400 or 1000 ft. magazine FILM LOAD: 400 or 1000 ft. magazine 
70MM-5A 
For Aircraft Use 7OMMIOA 


FRAME SIZE: 1.156 x 2.25 inches FRAME SIZE: 2.25 x 2.25 inches 
MAXIMUM FRAME RATE: 60 frames per sec. MAXIMUM FRAME RATE: 60 frames per sec. 
FILM LOAD: 400 ft. daylight loading spool FILM LOAD: 400 or 1000 ft. magazine 


Additional information on request 


PHOTO-SONICS INCORPORATED 


2704 West Olive Avenue, Burbank, California 
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This new RCA ‘3-V’’ Camera for televising 
color motion-picture films and slides uses three 
RCA Vidicon pickup tubes and a light-splitting 
optical system in the arrangement illustrated 
by this developmental model. The color image 
produced by the projector at the upper left is 
focused on the first of two dichroic mirrors 
mounted at angles in front of the projector. 
The first light-splitting mirror reflects the blue 


portions of the image to the Vidicon at upper 
right, but transmits the red and green portions 
to the second mirror which transmits the green 
picture elements to the Vidicon at lower right, 
but reflects the red portions to the one at lower 
left. The small vertical element mounted be- 
tween the second mirror and the lens of the 
Vidicon at lower left is a filter which screens out 
unwanted infrared wavelengths and passes only 
the visible red light. 


Professional Services 


ELLIS W. D’'ARCY & ASSOCIATES 
Consulting and Development Engineers 
Xenon-Arc Applications 
Motion-Picture Projection 
Magnetic Recording and Reproduction 
7045 N. Osceola Ave., Chicago 


Phone: Chicago Newcastle 1-0993 
Washington Oliver 2-2340 


PROFESSIONAL MOTION PICTURE 
PRODUCTION EQUIPMENT 
Cameras, Sound Recording, Editing, 
Laboratory and Affiliated Equip. 


Consulting Services by Qualified Engineers 
mestic and Foreign 
REEVES EQUIPMENT CORP. 
10 E. 52nd St., NYC 
Cable: REEVESQUIP 


LAB-TV 
PROFESSIONAL 
16mm Black and White 
REVERSAL PROCESSING 
Processing on hourly schedules for 
TV Stations and Producers 
Write for Circular 


247 W. 46th St., New York 36 


WILLIAM B. SNOW 
Consulting Engineer 
Acoustics — Electronics 
Stereophonic Recording 
1011 Georgina Avenue 
Santa Monica, California 
EXbrook 4-8345 


HIGH-SPEED PHOTOGRAPHY 


Fastax Representative 
Fastax Cameras, Accessories, Film 
Fastax Photographic Service 


Photographic Analysis Company 


100 Rock Hill Rd., Clifton, N. J. 
Phone: Prescott 8-6436 


FILM PRODUCTION EQUIPMENT 
From a single source, equipment for 
Production—Processing 
Recording—Editing 
Domestic and Foreign 
S.0.S. Cinema Supply Corp. 


Dept. TE, 602 W. 52nd St., N.Y.C. 
Cable: SOSOUND 


Professional cards available to members, 12 insertions, 2 x 1 in., $60 


The Gray 3-B Single Lens Telojector is 
a newly designed projector for 35mm trans- 
parent slides in television stations, avail- 
able from the Gray Research and Develop- 
ment Co., 658 Hilliard St., Manchester, 
Conn. It comies equipped with either a 
6-in. or 7}-in. coated projection lens. 
Main power required for the unit is 115-v, 
60-cycle, a-c with 300-w maximum. The 
control circuit operates from 24-v d-c, 10-w 
maximum; and two 150-w projection 
lamps operate at reduced voltage. The 
unit’s system superimposes two images on 
one optical axis, to permit smooth lap dis- 
solves and rapid switching. Pushbutton 
operation is either remote or local, with 
automatic changes through a sequence of 
12 slides. It is designed for easy substitu- 
tion of additional loaded turrets. The unit 
weighs about 35 lb and is 14} in. high, 
18} in. wide and 16 in. or 19 in. long, de- 
pending on the lens. 


A cuing device for ‘‘metallic cuing’’ to 
obviate edge notching is being offered by 
the Motion Picture Printing Equipment 
Co., Skokie, Ill. The unit is an electronic, 
two independent-channel relay which will 
operate the light shutter or light control 
board on one channel and the fade unit or 
color filter change unit on the second chan- 
nel. It is designed so that, by setting the 
dial, the timing distance can be controlled 
from 32 frames to 10 frames. In the illus- 
tration, the cuing head, which mounts on 
the printer, may be seen on the right. The 
head shown is designed for the Bell & 
Howell 16mm Model J Printer. It is de- 
signed as a package unit for ease of instal- 
lation. The cuing device is $279.00 f.o.b. 
the plant. 
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The Arriflex 16 is the most 
advanced camera in the 16mm 
field, No comparison can be 


made with any existing 
a class by 


unique for its features, 


equipment. It is in 
itself 
and outstanding for its 


workmanship. 


THESE ARE THE SENSATIONAL FEATURES OF THE ARRIFLEX 16 


thom al, for 
REFLEX SHUTTER framing and critical follow- 
focus, through the taking lens, even during the 
actual shooting. Image on ground glass is brilliant, 
uninverted and right-side-up, magnified 10x through 
a highly corrected optical system. No parallax, and 
no need for accessory finders. 


Found only in cameras selling 
— TION for $3000 or more. Automati- 


cally engages and locks film 
during exposure. Assures absolute frame registra- 
tion, and picture steadiness. 


FOOTAGE 


firm grip 


filming. 


10N 


OTHER ARRIFLEX PROFESSIONAL FEATURES 


g FRAME COUNTERS — for for- 
tion. 

ward and reverse ac 

TACHOMETER — indicates speeds from 1 

to 50 frames-per-second. 


i tural and 
RiP — provides 2 na 
handheld shooting. 


\d 
DETACHABLE NECKSTRAP — for handhe 


LIGHTWEIGHT — camera with Matte Box 
weighs only 7% pounds. 


ELECTRIC No to d 
wind a spring. Has variable- 
MOTOR DRIVE speed 6-volt DC motor with 
forward and reverse switch. Operates from portable, 
rechargeable battery pack, dry cell batteries, or 
with Transformer-Rectifier Unit on 115 volts AC. 
Easily interchangeable with Synchronous Motor Unit 
(available as accessory). 


DIVERGENT | Accommodates lenses from 
cd 11.5mm extreme wide angle 
S-LENS TURRET to longest telephotos. Lenses 
quickly interchangeable. Wide angle and 300mm 
telephoto can be mounted simultaneously without 
mechanical or optical interference. 


FILM CAPACITY — 50 and 100-foot stan 
ard daylight spools. — 
0 
400-F MAGAZINE — accom 
Magazine. 
will be available at 4 later date. st 
ACHABLE MATTE BOX-FILTER 
tationary and rotating filter 
filters, polarizing filters, 
ual ther effects. 


dissolves, and 0' | 
SINGLE SPROCKET DRIVE — for either 


silent oF sound-perforated film. 


51120 


Melrose Ave., Hollywood 


Revolutionary 
with 
The Only SHUT Le. 
REFLEX 
: 
for and Viewins- 
Focusing 4 | 
! 
N 
KLING PHOTO 


Time It! 
Test It! 


Producers! 
Laboratories! 
Projectionists! 


The New 
"Miracle-Butt-Weld” 
PRESTO-SPLICER 


with NEW PLUG-IN heater block 
eliminating down time! 


Ready for Delivery 


produces miracle-fast splice on all types 
of film, that lasts the life of the film itself... 


permanently in 10 seconds! 
Add or cut one or more frames. 


Eliminates drying out, no 
overlap, no cement, brushes or scraping, no 
double thickness or distortion. Guarantees 
No light required. 


Also, The New 
MT-IM PRESTO SPLICER 


for welding together 
“4 Mylar & Acetate Tapes 
without cement or adhesives 


. replasticized! 


perfect frame alignment 


®@ Diagonal cut capable of withstanding 3 
pound pull 


@ Inaudible with playback amplifier gain at 
maximum 


Sample splice and Brochure on request. 


PRESTOSEAL 


3727 33rd St., Long Island City 1, N. Y. 
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This Titler and the accompanying Special 
Effects Kit have been introduced by S.O.S. 
Cinema Supply Corp., 602 W. 52 St., New York 
19, There are three models, TG-II, TG-III 
and TG-IV, with title boards 5} X 7} in. or 
7k X 9} in. and with varying weights of con- 
struction. The largest measures 40 K 15 X 
12 in. and weighs 40 lb. All are designed for 
table top use. 

Designed for use on a wide range of titles, 
trick films, cartoons and animation, the table is 
adjustable north, east, south and west. Front 
and rear illumination are provided. Accessories 
included are: title card frame with platens, 
distance scale for setting camera lens, climbing 
and running title devices, turntable for rotating 
small objects and optical axis attachment. 
Prices are from $159.50 to $295.00, 


A Standard Playback Characteristic for 
Lateral Disk Recording has been pub- 
lished as a tentative standard, AES T-1 
dated December 21, 1953, by the Audio 
Engineering Society, which is submit- 
ting it to the American Standards Asso- 
ciation. Committee Z57 of ASA now 
has it under consideration. William H. 
Offenhauser, Jr., is chairman of the AES 
Standards Committee. Reprints of this 
Tentative Standard are available at nomi- 
nal cost from the AES at P.O. Box 12, 
Old Chelsea Station, New York 11. 


American Standard Letter Symbols for 
Acoustics, ASA Y10.11-1953, contains 
more than one hundred symbols for terms 
used in acoustics measurements. Harry 
F. Olson, RCA Laboratories, Princeton, 
N.J., chaired the group which prepared 
the list. The standard may be obtained 
for $1.00 from the Order Dept., American 
Society of Mechanical Engineers, 29 W. 
39 St., New York 18. Discounts are avail- 
able for quantity orders. 


The Society of Cinema Collectors and 
Historians has completed its first year and 
is planning a meeting and exhibition in the 
New York area in September, after which 
its first Journal will be published, with in- 
formation of meetings, findings and per- 
sonnel. Members are being sought among 
historians and students of the cinema and 
those associated with the motion-picture in- 
dustry in production, writing or collecting. 
Membership application and brochure are 
available from the Secretary, Saul Haber, 
4221 4th St., S.E., Washington, D.C. 


Employment Service 


These notices are published for the service of the 
membership and the field. They are inserted for 
three months, at no charge to the member. The 
Society’s address cannot be used for replies. 


Positions Wanted 


Photographic Engineer: M.A.; age, 28. De- 
sires challenging, responsible position where tech- 
nical knowledge and ingenuity will be fully 
utilized; 8 yrs diversified experience pertaining 
to the photographic process, with particular 
emphasis on photographic instrumentation for 
data recording. Background includes a thor- 
ough working knowledge of electronics, the 
graphic arts, color, machine-shop practice, high- 
speed photography, etc. Presently engaged as a 
senior member of a well-known industrial re- 
search organization where all kinds of photo- 
graphic techniques are used as research and 
service tools. Willing to relocate. Write: 
P.O. Box 259, New York 36. 


Cameraman and special effects producer: 
For news, educational or advertising films; tech- 
nical and musical education; camera and 35mm 
film strip and color development experience. 
Write: Vitold Bredshnyder, 812 N. Monroe St., 
Monroe, Mich. 


Positions Available 


16mm Printers, Color Timer, Negative Con- 
former: Permanent positions for qualified, 
experienced personnel. Company benefits. 
Send complete information and small photo- 
graph to Byron, Inc., 1226 Wisconsin Ave., 
Washington 7, D.C. 


Photographer (Motion-Picture Animation), 
GS-9: Require 5 yr experience in photography, 
4 yr of it as animation photographer in produc- 
tion of cel animation work in motion-picture 
production. Also included must be at least 1 yr 
in technical animation photography. $5060/yr. 
Obtain Form SF 57 at any first class Post Office 
or Government Agency; forward or deliver com- 
pleted to Civilian Personnel Div., Signal Corps 
Pictorial Center, 35-11 35 Ave., Long Island 
City, N.Y. 

Permanent Employment: Open for mechanical 
engineers or physicists with at least 1 yr optics 
experience. Knowledge of camera mechanism, 
auxiliary timing apparatus and control equip- 
ment, precision camera mounts, photography 
and a general overall knowledge of fundamental 
optics highly desirable. Positions are located 
near Cocoa, Fla., at RCA Missile Test Project. 
Send completed résumés or requests for applica- 
tions to Harold D. Storz, Employment Sec., 
RCA Service Co., Box 11, O M U, Patrick AFB, 
Fla. 


| 
Tk. 
.. 
y | 


Enjoy full profit 
from CinemaScope 
shown in its full 
appeal! Use only 
Bausch & Lomb Lenses 


created specially for 
CinemaScope 


Your screen shows the difference . . . your boxoffice figures the difference in pay-off. Proof? Over 909% 
of the theatres showing CinemaScope use Bausch & Lomb lenses and cylindrical anamorphic attach- 
ments. These theatres put their faith in Bausch & Lomb exclusive know-how . . . gained from creating 
and producing the first practical CinemaScope optical system . . . from Baltar motion picture camera 
lenses and anamorphic attachments, to the new Super 
Cinephor fl1.8 projection lenses. More proof? Ask DATT TS T ' 

your dealer for actual lens-by-lens comparison proof that BAUSCH G LOMB 


Bausch & Lomb is best by far. Bausch & Lomb Optical Co., 


72232 St. Paul Street, Rochester 2, New York. 
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There’s only one 


color-correct* 


pr OCeSS... 


only 


...and onlybyron can give 
you all these 16mm production 
facilities on one order: Demand Byron color-correct” prints, the film industry's 


Want guaranteed satisfaction for your color films? 


script highest standard of color duplication. Byron 


art service is dependable — prices are the lowest in the 
diting 
editing industry — quality the best. Call today for our 

— illustrated brochure and price list. 

anunatton 

recording 
— — ° 8-hour service if required 
complete black-and-white 


laboratory facilities b ro n 
vf Studios and Laboratory 


music library 


sound stage 


1226 Wisconsin Avenue, N.W., Washington 7, D.C. DU pont 7-1800 
location photography 


titling 550 Fifth Avenue, New York 36, N.Y. Circle 5-8188 
* Reg. U.S. Patent Office 
PRACTICALLY EVERY 16MM FILM PRODUCER IN THE WESTERN HEMISPHERE IS A CLIENT OF BYRON 


76 August 1954 Journalofthe SMPTE Volume 63 


* y ru : 
4 
h 
i 
t 
4 
+ 


Ruview of Proceedings 6f the of De. 
fanse Symposium on Magoetie Recording. 67 


Philip A; Hunt Co... 70 


NEXT MONTH'S JOURNAL will have with calor 


oddresses 


Available 

posioms, diroctories, indexes, te, Excellent condition. $20.00 
FOB, Write hol Conper Lone, 


complete; 1939 complete, 1960 complete; 

Write Richard 5. Merion, A. 
New York 


Wanted 


High-Speed Photagrophy, Yolumes..t, 2 @a8 Write Jack 
Armour Resear) Foundation, Technology Canter, Chicago 


Nox. é one % Write, W. 4 
‘St, Mow Fork. 


os donction, Write John P. Byrne, Motion Picture 


4, 


Trarsactons Nos. 1, 5, 6,7 and 9. 
Color, ing,, 533: Weer 57 Mew York 1% 


Meetings ~ 

Bitlogica! Photegraptic Assaciotion, Abe. 25-27, 
Chaifonte-Haddoa Holl, Atlantic 

Uhiminating Engineering Solely, Netloaal Technical 
15-17, Chalfente-Hadden Holl, City, J. 

fd Internctional on Photography, 
September 22-28, 1954 Arranged by: the Asodation Fron- 
coles des ingenieurs ef Veghniciens dy  Appilestions 
or Inquiries showid be cddmomed to the Secretary of the Ore 
Cosvniites, P. Noslin, Laboroteire Contral’de 
fer? de Montrouge, Arceuil (Seine), Bronce, 

Ma tional Electronic: Conference, Tenth Conference. Oct. 
6, Hote! Shermon, Chico gine: 

Photographic Society Amtariea, Anoual Musting, Oct. 5~°, Drake 

Hetel, Chicege, tt, 
Amaricon institute of Fectrical Engineers, Fall Genera! 
11-15, Cha.ago, il. 

7th Semisi Convention of the SHITE, Cet, 
der Hotel, Los 


+ 


Theatre: Eqoipmen! cond Suoply Manufacturers’ Asscciciion 
Show, with exhibite, Oct. 4, 
Conrad Hilton Hote!, 

Adult Education Aasocic tion, National Conference, Now. $=10, Hote! 
Morrison, Chicago. 

Notional Electrical Mfrs. Aun, Mov. 6-10) Healt Hotst, 
Affertie City, 3. 

Convention of the SMPTE, Ape, 1-22, 
Beat Hotel, Chicage 

The letermationad Comics! on on Huminetion into told its nest inter- 
Offers of papers should be addressed te the Chsirman of the 

Papers Commiites (4. Urcinerd), 1015 Chesteyt St, Pbilesiel- 
7, cost be tho hanes of the Central Bureau 
betwese Octi 7 aod Dew. 31, 1954. 

Biological Phofograp sociation, Meeting, Aug. 
Sept, 1955, Wisconsks Hotel, 

Conversion of the SMPTE, Oct, 3-7, 1958 (noxt 
yeark, Luke Pleeid County, 

Society of America, 1955 Convention, 
Shercton-Plaze Sobel, Basi, Mamie 


SMPTE Officers and Committees: The rosters of the Officers of the Society, ts Sections, Subsections and 
Chapters, and of she Commitee hoirmen cond Members were published 
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SUSTAINING MEMBERS 


OF THE 


SOCIETY OF MOTION PICTURE AND TELEVISION ENGINEERS 


Cinéme-Tirage L. Maurice 
Geo. W. Colburn Laboratory, Inc. 
Color Corporation of America 
Consolidated Film Industries _ 
Deluxe Laboratories, inc. 

Du Art Laboratories, inc. 
E I du Pont de Nemours & Coy ie 


Movielab Film Laboratories, inc. 
National Carbon Company 
A Division of Union Carbide ond Carbon 
Corporation 


National Cine Equipment, Inc. 
National Screen Service 
National Theaters Amusement Co., Inc. 
Neighborhood Theatre, Inc. 
Neumade Products Corp. 
Northwest Sound Service, Inc. 
Polaroid Corporation 
Producers Service Co, 
Optics Company, inc. 

Radiant Manufacturing Corporation 
Radio Corporation of America, avail 

neering Products Divisicn 
Reid H. Ray Film Industries, Inc. 
Raytone Screen Corp. 
Reeves Sound Studios, Inc. 
$.0.S. Cinema Supply Corp. 
SRT Television Studios 
Shelly Films Limited (Canada) 
The Stancil-Hoffman Corporation 
Technicolor Motion Picture 
Terrytoons, Inc. 
Titra Film Laboratories, inc. 
United Amusement Corporation, Limited 
Wenzel Projector Compony 


Wilding Picture Productions, inc. . 


Ansco Motion Picture Association of America, — 
Beil & Howell Company Paramount Pictures Corporation 
4  Buensod-Stacey, Inc. RKO Radio Pictures, inc. 
Burnett-Timken Research Laboratory Twentieth Century-Fox Film Corp. 
Byron, inc. Universal Pictures Company, inc, 
Century Projector Corporation Warmer Bros. Pictures, Inc. 
Max Factor & Co. 
Federal Manufacturing and Engineering | 
Generai Precision Laboratory Incorporated 
‘Guffonti Film Laboratories, Inn — 
The Jam Handy Organization, Inc. 


